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FOREWORD ; This  report  presents  the  results  of  the  bioassay  of 

phthalic  anhydride  conducted  for  the  Carcinogenesis  Testing 
Program,  Division  of  Cancer  Cause  and  Prevention,  National  Cancer 
Institute  (NCI),  National  Institutes  of  Health,  Bethesda, 
Maryland.  This  is  one  of  a series  of  experiments  designed  to 

determine  whether  selected  chemicals  have  the  capacity  to  produce 
cancer  in  animals.  Negative  results,  in  which  the  test  animals 
do  not  have  a greater  incidence  of  cancer  than  control  animals, 
do  not  necessarily  mean  that  the  test  chemical  5s  not  a carcino- 
gen, inasmuch  as  the  experiments  are  conducted  under  a limited 
set  of  circumstances.  Positive  results  demonstrate  that  the  test 
chemical  is  carcinogenic  for  animals  under  the  conditions  of  the 
test  and  indicate  that  exposure  to  the  chemical  is  a potential 

risk  to  man.  The  actual  determination  of  the  risk  to  man  from 

chemicals  found  to  be  carcinogenic  in  animals  requires  a wider 
analysis . 
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SUMMARY 


A bioassay  of  phthalic  anhydride  for  possible  carcinogenicity  was 
conducted  by  administering  the  test  chemical  in  feed  to  F344  rats 
and  B6C3F1  mice. 

Groups  of  50  rats  of  each  sex  were  administered  phthalic  anhydride 
at  one  of  two  doses,  either  7,500  or  15,000  ppm,  for  105  weeks. 
Matched  controls  consisted  of  20  untreated  rats  of  each  sex.  All 
surviving  rats  were  killed  at  the  end  of  the  period  of  adminis- 
tration of  the  test  chemical. 

Groups  of  50  mice  of  each  sex  were  administered  the  test  chemical 
at  one  of  two  doses,  initially  either  25,000  or  50,000  ppm,  for 
32  weeks.  Because  of  excessive  depressions  in  the  amount  of  body 
weight  gained  in  the  dosed  groups,  the  doses  for  the  males  were 
then  reduced  to  12,500  and  25,000  ppm,  respectively,  and  the 
doses  for  the  females  were  reduced  to  6,250  and  12,500  ppm. 
Administration  of  the  test  chemical  at  the  lowered  doses  was 
continued  for  72  weeks.  The  time-weighted  average  doses  for  the 
males  were  either  16,346  or  32,692  ppm,  and  those  for  the  females 
were  either  12,019  or  24,038  ppm.  Matched  controls  consisted  of 
20  untreated  mice  of  each  sex.  All  surviving  mice  were  killed  at 
the  end  of  the  period  of  administration  of  the  test  chemical. 

Mean  body  weights  of  the  high-dose  male  rats  and  of  the  low-  and 
high-dose  mice  of  each  sex  were  lower  than  those  of  the  corres- 
ponding controls;  mean  body  weights  of  the  low-dose  male  rats  and 
of  both  the  low-  and  high-dose  female  rats  were  essentially 
unaffected  by  administration  of  the  test  chemical.  Depressions 
in  the  amount  of  body  weight  gained  in  the  male  and  female  mice 
were  dose  related  throughout  the  bioassay.  Survivals  of  the  rats 
and  mice  were  not  affected  by  administration  of  the  test  chemical. 

No  tumors  occurred  in  the  rats  or  mice  of  either  sex  at  inci- 
dences that  could  be  clearly  related  to  the  administration  of  the 
test  chemical. 

It  is  concluded  that  under  the  conditions  of  this  bioassay, 
phthalic  anhydride  was  not  carcinogenic  for  F344  rats  or  B6c3F1 
mice  of  either  sex. 
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I.  INTRODUCTION 


Phthalic  anhydride  (CAS 

85-44-9;  NCI  C03601)  is  an 
important  chemical  intermediate 
in  the  plastics  industry.  From 
it  are  derived  numerous 
phthalate  esters  that  function 
as  plasticizers  in  synthetic 
resins  (Knuth,  1973;  Noller,  1966). 
used  as  a monomer  for  synthetic  resins  such  as  glyptal,  the  alkyd 
resins,  and  the  polyester  resins  (Noller,  1966).  Phthalic 
anhydride  is  a precursor  of  anthraquinone,  phthalein,  rhodamine, 
phthalocyanine , fluorescein,  and  xanthene  dyes  (Towle  et  al., 
1968;  Noller,  1966).  Reaction  of  phthalic  anhydride  with  ammonia 
yields  phthalimide,  a useful  reagent  in  the  synthesis  of  primary 
amines,  the  agricultural  fungicide  phaltan,  and  thalidomide 

(Noller , 1966).  Other  reactions  yield  phenolphthalein,  benzoic 
acid,  phthalylsulfathiazole  (an  intestinal  antimicrobial  agent), 
and  terephthalic  acid  (Towle  et  al.,  1968;  Noller,  1966). 

The  oral  of  phthalic  anhydride  for  rats  (strains  not 

specified)  has  been  reported  as  800-1,600  mg/kg  body  weight 
(Fassett,  1964)  and  as  4,020  mg/kg  body  weight  (NIOSH,  1976);  the 
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Phthalic  anhydride 


Phthalic  anhydride  itself  is 
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LD^q  of  the  test  chemical  for  white  mice  (route  of 
administration  and  strain  of  mouse  not  specified)  has  been 
reported  as  2,210  mg/kg  body  weight  (Zhilova  and  Kasparov, 
1968).  Vapors  of  phthalic  anhydride  administered  to  rats  over  a 
period  of  12  days  caused  irritation  of  mucous  membranes  of  the 
nasal  cavity  and  the  bronchi  (Policard  et  al.,  1949).  Persons  in 
factories  manufacturing  phthalic  acid  and  phthalic  anhydride  can 
develop  conjunctivitis  and  also  irritation  of  the  skin  and  of 
mucous  membranes  of  the  respiratory  tract  (Baader,  1955; 

Merlevede  and  Elskens,  1957). 

Phthalic  anhydride  was  studied  in  the  Carcinogenesis  Testing 
Program  because  of  its  high  volume  of  production.  Domestic 
production  of  phthalic  anhydride  rose  from  458  million  pounds 

annually  in  1963  (Noller,  1966)  to  902  million  pounds  in  1976 
(United  States  International  Trade  Commission,  1977a),  with 
imports  accounting  for  an  additional  31  million  pounds  in  the 

latter  year  (United  States  International  Trade  Commission, 
1977b).  There  is  evidence  that  human  exposure  to  phthalic 
anhydride  may  occur  not  only  in  the  manufacture  of 

phthalate-derived  products  but  also  in  the  use  of  plastics  from 
which  phthalate  plasticizers  are  leached,  specifically  certain 
medical  plastics  such  as  blood  bags,  plastic  syringes,  and 
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plastic  tubing  (Guess  et  al.,  1967).  Furthermore,  some 
esters  have  been  identified  as  environmental  pollutants 
al.,  1978). 


phthalate 
(Giam  et 
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II.  MATERIALS  AND  METHODS 


A.  Chemical 

Phthalic  anhydride  was  obtained  from  Koppers  Co.  as  a white, 
granular  solid.  The  material  had  a melting  point  of  131°C 
(literature:  130. 8°C).  Elemental  analysis  showed  64.8%  carbon, 

2.7%  hydrogen,  and  0.0%  nitrogen  (theoretical:  64.9%,  2.7%,  and 

0.0%).  Its  infrared  spectrum  was  consistent  with  its  chemical 
structure,  and  identical  with  that  of  an  authentic  standard.  The 
purity  of  the  material  was  estimated  by  high-pressure  liquid 
chromatography  to  be  98.8%,  with  one  impurity. 


B.  Dietary  Preparation 


Test  diets  containing  phthalic  anhydride  were  prepared  fresh  every 
1 to  1-1/2  weeks  in  6-  to  12-kg  batches  at  appropriate  doses.  A 
known  weight  of  the  chemical  was  first  mixed  with  an  equal  weight 
of  autoclaved  Wayne®  Sterilizable  Lab  Meal  with  4%  fat  (Allied 
Mills,  Inc.,  Chicago,  111.)  using  a mortar  and  pestle.  The  mixing 
was  continued  with  second  and  third  additions  of  feed,  and  final 
mixing  was  performed  with  the  remaining  quantity  of  feed  for  a 
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minimum  of  15  minutes  in  a Patterson-Kelly  twin-shell  blender.  The 
diets  were  routinely  stored  at  5°C  until  used.  Analyses  by  the 
Frederick  Cancer  Research  Center  indicated  that  when  phthalic 
anhydride  was  mixed  with  Lab  Meal  at  a concentration  of  15,000  ppm 
and  stored  at  room  temperature  for  2 weeks,  the  loss  was  2.59% 
(372  ppm)  per  day. 


C.  Animals 

Male  and  female  F344  rats  and  B6C3F1  mice  were  obtained  through 
contracts  of  the  Division  of  Cancer  Treatment,  National  Cancer 
Institute,  from  the  NCI  Frederick  Cancer  Research  Center  animal 
farm,  Frederick,  Maryland  as  4-week-old  weanlings,  all  within  3 
days  of  the  same  age.  The  animals  were  housed  within  the  test 
facility  for  2 weeks  and  then  were  assigned  four  rats  to  a cage 
and  five  mice  to  a cage  on  a weight  basis  for  a given  species  and 
sex.  For  use  in  the  chronic  study,  the  male  rats  were  required  to 
weigh  90  to  105  g,  averaging  at  least  100  g;  the  female  rats,  80 
to  95  g,  averaging  at  least  90  g;  the  male  mice,  18  to  22  g,  aver- 
aging at  least  19.5  g;  and  the  female  mice  17  to  21  g,  averaging 
at  least  18.5  g.  Individual  animals  were  identified  by  ear  punch. 


6 


D.  Animal  Maintenance 


The  animals  were  housed  in  polycarbonate  cages  (Lab  Products, 
Inc.,  Garfield,  N.J.),  19  x 10-1/2  x 8 inches  for  the  rats  and 
11-1/2  X 7-1/2  X 5 inches  for  the  mice.  The  cages  were  suspended 
from  aluminum  racks  (Scientific  Cages,  Inc.,  Bryan,  Tex.)  and 
were  covered  by  nonwoven  polyester-fiber  12-mil-thick  filter 
paper  (Hoeltge,  Inc.,  Cincinnati,  Ohio).  The  bedding  used  was 
Absorb-dri"'  hardwood  chips  (Northeastern  Products,  Inc., 
Warrenburg,  N.Y.).  The  feed  supplied  was  presterilized  Wayne* 
Sterilizable  Lab  Meal  provided  ad  libitum  in  suspended  stainless 
steel  hoppers  and  replenished  at  least  three  times  per  week. 
Water,  acidified  to  pH  2.5,  was  supplied  ad  libitum  from  glass 
bottles.  Sipper  tubes  (Lab  Products,  Inc.)  were  suspended 

through  the  tops  of  the  cages. 

The  contaminated  bedding  was  disposed  of  through  an  enclosed 

vacuum  line  that  led  to  a holding  tank  from  which  the  bedding  was 

fed  periodically  into  an  incinerator.  The  cages  were  sanitized 

twice  per  week  and  the  feed  hoppers  twice  per  month  at  82  to 

88°C  in  a tunnel-tvpe  cagewasher  (Industrial  Washing  Corp. , 

) 

Mataway,  N.J.),  using  the  detergents.  Clout"'  (Pharmacal 

Research  Laboratories,  Greenwich,  Conn.)  or  Oxford  D'Chlor 
(Oxford  Chemicals,  Atlanta,  Ga.). 
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The  glass  bottles  and  sipper  tubes  were  sanitized  at  82  to  88°C 
in  a tunnel-type  bottle  washer  (Consolidated  Equipment  Supply 
Co.,  Mercersburg,  Pa.)  three  times  per  week,  using  a Calgen 
Commercial  Division  detergent  (St.  Louis,  Mo.).  The  racks  for 
the  cages  were  sanitized  at  or  above  82°C  in  a rack  washer 
(Consolidated  Equipment  Supply  Co.)  once  per  month,  using  the 
Calgen  Commercial  Division  detergent,  and  the  filter  paper  was 
changed  at  the  same  time. 

The  air  in  the  animal  rooms  was  maintained  at  a temperature  of  22 
to  24°C  and  a relative  humidity  of  45  to  55%.  Fresh  air  was 
passed  through  a filter  of  65%  efficiency  and  a bag  filter  of  95% 
efficiency  at  the  intake  and  through  a "Z"-type  roughing  filter 
of  30%  efficiency  and  a bag  system  of  90  to  95%  efficiency  at  the 
exhaust  (American  Air  Filters,  Louisville,  Ky. ; Mine  Safety 
Appliances,  Pittsburgh,  Pa.)  and  was  not  recirculated.  The  rate 
of  movement  allowed  15  changes  of  room  air  per  hour.  The  air 
pressure  was  maintained  negative  to  a clean  hallway  and  positive 
to  a return  hallway.  Fluorescent  lighting  was  provided  automati- 
cally on  a 12-hour-per-day  cycle. 

Both  control  and  dosed  rats  were  housed  in  the  same  room  as  rats 
on  feeding  studies  of  the  following  chemicals: 
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(CAS  95-80-7) 
(CAS  95-53-4) 


2, 4-diaminotoluene 
o-toluidine  hydrochloride 


Both  control  and  dosed  mice  were  housed  in  the  same  room  as  mice 
on  feeding  studies  of  the  following  chemicals: 


(CAS  103-33-3)  azobenzene 

(CAS  72-56-0)  p,p'-ethyl-DDD 

(CAS  20941-65-5)  ethyl  tellurac 

(CAS  298-00-0)  methyl  parathion 

(CAS  51-03-6)  piperonyl  butoxide 

(CAS  88-06-2)  2,4, 6-trichlorophenol 

(CAS  128-66-5)  C.  I.  vat  yellow  4 


E.  Subchronic  Studies 


Subchronic  feeding  studies  were  conducted  to  estimate  the  maximum 
tolerated  doses  (MTD's)  of  phthalic  anhydride,  on  the  basis  of 
which  two  concentrations  (hereinafter  referred  to  as  "low"  and 
"high"  doses)  were  selected  for  administration  in  the  chronic 
studies.  Groups  of  five  rats  and  five  mice  of  each  sex  were 

administered  feed  containing  phthalic  anhydride  at  one  of  several 
doses,  and  groups  of  five  control  animals  of  each  species  and  sex 
were  administered  basal  diet  only.  The  period  of  administration 
of  the  test  chemical  was  7 weeks,  followed  by  1 week  of  further 
observation.  Each  animal  was  weighed  twice  per  week.  Table  1 
shows  the  doses  used  and  the  mean  body  weights  of  dosed  animals 
at  week  7 expressed  as  percentages  of  the  mean  weights  of  the 
controls;  no  animals  died  during  the  subchronic  tests. 
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Table  1.  Phthalic  Anhydride  Subchronic  Feeding 
Studies  in  Rats  and  Mice 


Dose 

(ppm) 

RATS 

6,200 

12,500 

25.000 

50.000 

MICE 

6,200 

12,500 

25.000 

50.000 


Mean  Weight  at  Week  7 as  Percent  of  Control 


Male 


Female 


90 

95 

92 

74 


114 

113 

111 

104 


95 

93 

91 

76 


100 

99 

101 

99 
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At  the  end  of  the  subchronic  studies,  all  animals  were  killed 
using  CO^  inhalation  and  necropsied.  The  lowest  dose  at  which 
histopathologic  findings  were  observed  in  male  and  female  rats 
was  25,000  ppm.  At  this  dose,  trace  amounts  of  centrilobular 
cytoplasmic  vacuolation  were  seen  in  the  livers  of  four  males; 
however,  tissues  were  essentially  normal  in  both  males  and 
females  at  50,000  ppm.  Tissues  were  essentially  normal  also  in 
male  and  female  mice  at  50,000  ppm. 

Ten  percent  depression  in  body  weight  was  taken  as  the  major 
criterion  for  the  estimation  of  MTD's.  The  doses  required  to 
produce  this  response  were  determined  by  the  following  procedure; 
first,  least  squares  regressions  of  mean  body  weights  versus  days 
on  study  were  used  to  estimate  mean  body  weights  of  each  of  the 
dosed  groups  at  day  49.  Next,  probits  of  the  percent  weights  of 
the  dosed  groups  at  day  49  relative  to  weights  of  corresponding 
control  groups  were  plotted  against  the  logarithms  of  the  doses, 
and  least  squares  regressions  fitted  to  the  data  were  used  to 
estimate  the  doses  required  to  induce  10%  depression  in  weight. 
Based  on  these  data,  the  low  and  high  doses  for  the  chronic 
studies  using  male  and  female  rats  were  set  at  7,500  and  15,000 
ppm.  For  mice,  the  low  dose  was  set  at  25,000  and  the  high  dose 
at  50,000  ppm,  the  maximum  amount  allowed  for  use  in  the 
Carcinogenesis  Testing  Program. 
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F.  Chronic  Studies 


The  test  groups,  doses  administered,  and  durations  of  the  chronic 
feeding  studies  are  shown  in  tables  2 and  3.  Because  of  exces- 
sive depression  of  the  amount  of  body  weight  gained  in  the  dosed 
mice,  doses  for  the  low-  and  high-dose  groups  were  reduced  after 
week  32  as  indicated. 


G.  Clinical  and  Pathologic  Examinations 

All  animals  were  checked  twice  daily  for  deaths.  Observations 
for  sick,  tumor-bearing,  and  moribund  animals  were  recorded  daily. 
Clinical  examination  and  palpation  for  masses  were  performed  each 
month,  and  the  animals  were  weighed  at  least  once  per  month. 
Moribund  animals  and  animals  that  survived  to  the  end  of  the 
bioassay  were  killed  using  CO2  and  necropsied.  Necropsies  were 
also  performed  on  all  animals  found  dead,  unless  precluded  by 
autolysis  or  severe  cannibalization. 

The  pathologic  evaluation  consisted  of  gross-  and  microscopic 
examination  of  major  tissues,  major  organs,  and  all  gross 
lesions.  The  tissues  were  preserved  in  10%  neutral  buffered 
formalin,  embedded  in  paraffin,  sectioned,  and  stained  with 
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Table  2.  Phthalic  Anhydride  Chronic  Feeding  Studies  in  Rats 


Sex  and 

Test 

Group 

Initial 
No.  of 
Animals(a) 

Phthalic 
Anhydride 
in  Diet(b) 
(ppo) 

Time  on 
Study 
(weeks) 

Male 

Matched-Control 

20 

0 

105 

Low-Dose 

50 

7,500 

105 

High -Dose 

50 

15,000 

105 

Female 

Matched -Control 

20 

0 

105 

Low-Dose 

50 

7,500 

105 

High -Dose 

50 

15,000 

105 

(a)  All  animals 

were  6 weeks  of 

age  when  placed 

on  study 

(b)  Test  and  control  diets  were  provided  ad  libitum  7 days  per 
week. 
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Table  3.  Phthalic  Anhydride  Chronic  Feeding  Studies  in  Mice 


Phthalic 

Sex  and 

Initial 

Anhydride 

Time  on 

Time-Weighted 

Test 

No.  of 

in  Diet(b) 

Study 

Average  Dose(c) 

Group 

Animals (a) 

( ppm) 

(weeks) 

(ppm) 

Male 

Matched-Control 

20 

0 

104 

Low-Dose 

50 

25,000 

32 

12,500 

72 

16,346 

High-Dose 

50 

50,000 

32 

25,000 

72 

32,692 

Female 

Matched-Control 

20 

0 

104 

Low-Dose 

50 

25,000 

32 

12,019 

6,250 

72 

High -Dose 

50 

50,000 

32 

12,500- 

72 

24,038 

(a)  All  animals 

were  6 weeks 

of  age  when 

placed  on 

study . 

(b)  Test  and  control  diets  were  provided  ad  libitum  7 days  per  week. 

(c)  Time-weighted  average  dose  = zCdose  in  ppm  x no.  of  weeks  at  that  dose) 

2(no.  of  weeks  receiving  each  dose) 
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hematoxylin  and  eosin.  The  following  tissues  were  examined 
microscopically;  skin,  lungs  and  bronchi,  trachea,  bone  marrow 
(femur),  spleen,  lymph  nodes  (mesenteric  and  submandibular), 
thymus,  heart,  salivary  glands  (parotid,  sublingual,  and 
submaxillary),  liver,  pancreas,  esophagus,  stomach  (glandular  and 
nonglandular ) , small  and  large  intestines,  kidney,  urinary 
bladder,  pituitary,  adrenal,  thyroid,  parathyroid,  pancreatic 
islets,  testis,  prostate,  mammary  gland,  uterus,  ovary,  brain 
(cerebrum  and  cerebellum),  and  all  tissue  masses.  Peripheral 
blood  smears  also  were  made  for  all  animals,  whenever  possible. 

A few  tissues  from  some  animals  were  not  examined,  particularly 
from  those  animals  that  may  have  died  early,  been  missing,  or 
been  in  advanced  states  of  cannibalization  or  autolysis.  Thus, 
the  number  of  animals  from  which  particular  organs  or  tissues 
were  examined  microscopically  varies  and  does  not  necessarily 
represent  the  number  of  animals  that  were  placed  on  study  in  each 
group. 


H.  Data  Recording  and  Statistical  Analyses 

Pertinent  data  on  this  experiment  have  been  recorded  in  an 
automatic  data  processing  system,  the  Carcinogenesis  Bioassay 
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Data  System  (Linhart  et  al.)  1974).  The  data  elements  include 
descriptive  information  on  the  chemicals,  animals,  experimental 
design,  clinical  observations,  survival,  body  weight,  and 
individual  pathologic  results,  as  recommended  by  the 

International  Union  Against  Cancer  (Berenblum,  1969).  Data 
tables  were  generated  for  verification  of  data  transcription  and 
for  statistical  review. 

These  data  were  analyzed  using  the  appropriate  statistical 
techniques  described  in  this  section.  Those  analyses  of  the 
experimental  results  that  bear  on  the  possibility  of 
carcinogenicity  are  discussed  in  the  statistical  narrative 

sections . 

Probabilities  of  survival  were  estimated  by  the  product-limit 
procedure  of  Kaplan  and  Meier  (1958)  and  are  presented  in  this 
report  in  the  form  of  graphs.  Animals  were  statistically 

censored  as  of  the  time  that  they  died  of  other  than  natural 
causes  or  were  found  to  be  missing;  animals  dying  from  natural 
causes  were  not  statistically  censored.  Statistical  analyses  for 
a possible  dose-related  effect  on  survival  used  the  method  of  Cox 
(1972)  for  testing  two  groups  for  equality  and  Tarone's  (1975) 
extensions  of  Cox  methods  for  testing  for  a dose-related  trend. 
One-tailed  P values  have  been  reported  for  all  tests  except  the 
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departure  from  linearity  test,  which  is  only  reported  when  its 
two-tailed  P value  is  less  than  0.05. 

The  incidence  of  neoplastic  or  nonneoplastic  lesions  has  been 

given  as  the  ratio  of  the  number  of  animals  bearing  such  lesions 

at  a specific  anatomic  site  (numerator)  to  the  number  of  animals 

in  which  that  site  is  examined  (denominator).  In  most  instances, 

the  denominators  included  only  those  animals  for  which  that  site 

was  examined  histologically.  However,  when  macroscopic 

examination  was  required  to  detect  lesions  prior  to  histologic 

sampling  (e.g.,  skin  or  mammary  tumors),  or  when  lesions  could 

have  appeared  at  multiple  sites  (e.g.,  lymphomas),  the 

denominators  consist  of  the  numbers  of  animals  necropsied.  The 

purpose  of  the  statistical  analyses  of  tumor  incidence  is  to 

determine  whether  animals  receiving  the  test  chemical  developed  a 

significantly  higher  proportion  of  tumors  than  did  the  control 

animals.  As  a part  of  these  analyses,  the  one-tailed  Fisher 

exact  test  (Cox,  1970)  was  used  to  compare  the  tumor  incidence  of 

a control  group  with  that  of  a group  of  dosed  animals  at  each 

dose  level.  When  results  for  a number  of  dosed  groups  (k)  are 

compared  simultaneously  with  those  for  a control  group,  a 

correction  to  ensure  an  overall  significance  level  of  0.05  may  be 

made.  The  Bonferroni  inequality  (Miller,  1966)  requires  that  the 

L 

P value  for  any  comparison  be  less  than  or  equal  to  0.05/k.  In 
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cases  where  this  correction  was  used,  it  is  discussed  in  the 
narrative  section.  It  is  not,  however,  presented  in  the  tables, 
where  the  Fisher  exact  P values  are  shown. 

The  Cochran-Armitage  test  for  linear  trend  in  proportions,  with 
continuity  correction  (Armitage,  1971),  was  also  used.  Under  the 
assumption  of  a linear  trend,  this  test  determines  if  the  slope 
of  the  dose-response  curve  is  different  from  zero  at  the  one- 
tailed  0.05  level  of  significance.  Unless  otherwise  noted,  the 
direction  of  the  significant  trend  is  a positive  dose  relation- 
ship. This  method  also  provides  a two-tailed  test  of  departure 
from  linear  trend. 

A time-adjusted  analysis  was  applied  when  numerous  early  deaths 
resulted  from  causes  that  were  not  associated  with  the  formation 
of  tumors.  In  this  analysis,  deaths  that  occurred  before  the 
first  tumor  was  observed  were  excluded  by  basing  the  statistical 
tests  on  animals  that  survived  at  least  52  weeks,  unless  a tumor 
was  found  at  the  anatomic  site  of  interest  before  week  52.  When 
such  an  early  tumor  was  found,  comparisons  were  based  exclusively 
on  animals  that  survived  at  least  as  long  as  the  animal  in  which 
the  first  tumor  was  found.  Once  this  reduced  set  of  data  was 
obtained,  the  standard  procedures  for  analyses  of  the  incidence 
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of  tumors  (Fisher  exact  tests,  Cochran-Armitage  tests,  etc.)  were 
followed. 

When  appropriate,  life-table  methods  were  used  to  analyze  the 
incidence  of  tumors.  Curves  of  the  proportions  surviving  without 
an  observed  tumor  were  computed  as  in  Saffiotti  et  al.  (1972). 
The  week  during  which  an  animal  died  naturally  or  was  sacrificed 
was  entered  as  the  time  point  of  tumor  observation.  Cox's  methods 
of  comparing  these  curves  were  used  for  two  groups;  Tarone ' s 
extension  to  testing  for  linear  trend  was  used  for  three  groups. 
The  statistical  tests  for  the  incidence  of  tumors  which  used 
life-table  methods  were  one-tailed  and,  unless  otherwise  noted, 
in  the  direction  of  a positive  dose  relationship.  Significant 
departures  from  linearity  (P  less  than  0.05,  two-tailed  test) 
were  also  noted. 

The  approximate  95  percent  confidence  interval  for  the  relative 
risk  of  each  dosed  group  compared  with  its  control  was  calculated 


from  the 

exact 

interval  on 

the  odds  ratio 

(Cart,  1971). 

The 

relative 

risk 

is  defined 

as  p^/p  where 

p^  is  the 

true 

binomial  probability  of  the  incidence  of  a specific  type  of  tumor 
in  a dosed  group  of  animals  and  p^  is  the  true  probability  of 
the  spontaneous  incidence  of  the  same  type  of  tumor  in  a control 
group.  The  hypothesis  of  equality  between  the  true  proportion  of 


19 


a specific  ttimor  in  a dosed  group  and  the  proportion  in  a control 
group  corresponds  to  a relative  risk  of  unity.  Values  in  excess 
of  unity  represent  the  condition  of  a larger  proportion  in  the 
dosed  group  than  in  the  control. 

The  lower  and  upper  limits  of  the  confidence  interval  of  the 
relative  risk  have  been  included  in  the  tables  of  statistical 
analyses.  The  interpretation  of  the  limits  is  that  in 
approximately  95%  of  a large  number  of  identical  experiments,  the 
true  ratio  of  the  risk  in  a dosed  group  of  animals  to  that  in  a 
control  group  would  be  within  the  interval  calculated  from  the 
experiment.  When  the  lower  limit  of  the  confidence  interval  is 
greater  than  one,  it  can  be  inferred  that  a statistically 
significant  result  (P  less  than  0.025  one-tailed  test  when  the 
control  incidence  is  not  zero,  P less  than  0.050  when  the  control 
incidence  is  zero)  has  occurred.  When  the  lower  limit  is  less 
than  unity,  but  the  upper  limit  is  a greater  than  unity,  the 
lower  limit  indicates  the  absence  of  a significant  result  while 
the  upper  limit  indicates  that  there  is  a theoretical  possibility 
of  the  induction  of  tumors  by  the  test  chemical,  which  could  not 
be  detected  under  the  conditions  of  this  test. 
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III.  RESULTS  - RATS 


A.  Body  Weights  and  Clinical  Signs  (Rats) 

The  mean  body  weights  of  the  high-dose  male  rats  were  lower  than 
those  of  the  corresponding  controls  from  week  13  to  the  end  of 
the  bioassay;  mean  body  weights  of  the  low-dose  males  and  both 
the  low-  and  high-dose  females  were  essentially  unaffected  by 
administration  of  the  test  chemical  (figure  1).  Arched  back, 
rough  hair  coat,  ulceration,  and  corneal  opacity  occurred  only  in 
dosed  groups,  but  at  low  incidences.  Wasting  and  tissue  masses 
were  common  to  the  dosed  and  control  groups.  Fluctuation  in  the 
growth  curves  may  be  due  to  mortality;  as  the  size  of  a group 
diminishes,  the  mean  body  weight  may  be  subject  to  variation. 


B.  Survival  (Rats) 


The  Kaplan  and  Meier  curves  estimating  the  probabilities  of 
survival  for  male  and  female  rats  administered  phthalic  anhydride 
in  the  diet  at  the  doses  of  this  bioassay,  together  with  those  of 
the  matched  controls,  are  shown  in  figure  2.  The  result  of  the 
Tarone  test  for  dose-related  trend  in  mortality  is  not  significant 
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MEAN  BODY  WEIGHT  (G)  MEAN  BODY  WEIGHT  (G) 


TIME  ON  STUDY  (WEEKS) 

Figure  1.  Growth  Curves  for  Rats  Administered  Phthalic  Anhydride  in  the  Diet 
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Figure  2.  Survival  Curves  for  Rats  Administered  Phthalic  Anhydride  in  the  Diet 
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in  either  sex.  In  male  rats,  an  indicated  departure  from  linear 
trend  (P  = 0.037)  is  observed,  due  to  the  earlier  mortality  of 
the  control  group  when  compared  with  that  of  either  the  high-  or 
low-dose  group.  The  results  of  the  Cox  test  applied  to  any  two 
of  the  three  groups  show  no  statistically  significant  difference 
between  groups  of  any  pair. 

In  male  rats,  36/50  (72%)  of  the  high-dose  group,  44/50  (88%)  of 
the  low-dose  group,  and  14/20  (70%)  of  the  control  group  lived  to 
the  end  of  the  bioassay.  In  females,  41/50  (82%)  of  the 
high-dose  group,  42/50  (84%)  of  the  low-dose  group,  and  17/20 
(85%)  of  the  control  group  lived  to  the  end  of  the  bioassay. 

Sufficient  numbers  of  rats  of  each  sex  were  at  risk  for  the 
development  of  late-appearing  tumors. 


C.  Pathology  (Rats) 

Histopathologic  findings  on  neoplasms  in  rats  are  summarized  in 
Appendix  A,  tables  A1  and  A2;  findings  on  nonneoplastic  lesions 
are  summarized  in  Appendix  C,  tables  Cl  and  C2. 
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By  inspection,  there  appeared  to  be  no  difference  between  the 
dosed  and  control  groups  in  frequency  or  distribution  of 
neoplasms,  except  for  malignant  lymphoma  in  the  female  rats.  The 
incidence  of  malignant  lymphoma  in  the  control  females  was  1/20; 
in  low-dose  females,  11/50;  in  high-dose  females,  4/50.  Due  to 
the  high  and  fluctuating  incidence  of  this  type  of  malignant 
lymphoma  in  control  F344  rats,  the  apparent  differences  in 
incidences  of  the  tumor  in  the  dosed  and  control  groups  were  not 
considered  to  be  compound  related. 

Severe  chronic  inflammatory,  degenerative,  or  proliferative 
lesions  frequently  seen  in  aged  rats  occurred  with  approximately 
equal  frequency  and  severity  in  the  dosed  and  control  groups  of 
animals . 

Based  on  the  histopathologic  examination,  there  was  no  conclusive 
evidence  for  the  carcinogenicity  of  phthalic  anhydride  in  F344 
rats  under  the  conditions  of  this  bioassay. 

D.  Statistical  Analyses  of  Results  (Rats) 


Tables  El  and  E2  in  Appendix  E contain  the  statistical  analyses 
of  the  incidences  of  those  primary  tumors  that  occurred  in  at 
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least  two  animals  of  one  group  and  at  an  incidence  of  at  least  5% 
in  one  or  more  than  one  group. 

In  female  rats,  the  result  of  the  Cochran-Armitage  test  for 
positive  dose-related  trend  in  the  incidence  of  alveolar/ 
bronchiolar  adenomas  is  significant  (P  = 0.020),  but  the  results 
of  the  Fisher  exact  test  are  not  significant.  The  results  of  the 
statistical  tests  on  the  incidences  of  alveolar /bronchiolar 
carcinomas  and  of  alveolar/bronchiolar  adenomas  or  carcinomas  are 
not  significant.  In  male  rats,  the  results  of  the  statistical 

tests  on  the  incidences  of  lung  tumors  are  not  significant. 

A departure  from  linear  trend  (P  = 0.019)  is  found  in  the 
incidence  of  lymphoma  in  female  rats,  due  to  the  relatively  large 
proportion  of  11/50  (22%)  in  the  low-dose  group  compared  with 

4/50  (8%)  in  the  high-dose  group  and  1/20  (5%)  in  the  control 
group.  The  results  of  the  Fisher  exact  test  are  not 
significant.  Current  historical  records  at  this  laboratory 
indicate  an  incidence  of  lymphoma  in  female  rats  of  14/285 
(4.9%),  and,  although  the  majority  of  the  control  groups  had 
incidences  of  less  than  5%,  one  control  groun  was  observed  to 
have  an  incidence  as  high  as  4/20  (20%).  Since  the  results  of 
the  Fisher  exact  test  were  not  significant  and  since  the 
historical  data  concerning  l3nnphoma  indicates  the  possibility  of 
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an  occasional  high  spontaneous  rate  of  lymphoma,  the  evidence  of 
association  of  the  lymphomas  in  the  dosed  group  of  female  rats 
with  the  chemical  is  questionable. 

A significant  dose-related  trend  (P  = 0.037)  in  the  negative 

direction  is  observed  in  the  incidence  of  pheochromocytomas  of 
the  adrenal  in  male  rats. 

In  each  of  the  95%  confidence  intervals  for  relative  risk,  shown 
in  the  tables,  one  is  included;  this  indicates  the  absence  of 
significant  positive  results.  It  should  also  be  noted  that  each 
of  the  intervals  has  an  upper  limit  greater  than  one,  indicating 
the  theoretical  possibility  of  the  induction  of  tumors  by 
phthalic  anhydride,  which  could  not  be  detected  under  the 
conditions  of  this  test. 


27 


I 


28 


IV.  RESULTS  - MICE 


A.  Body  Weights  and  Clinical  Signs  (Mice) 

Mean  body  weights  of  dosed  male  and  female  mice  were  lower  than 
those  of  corresponding  controls  throughout  the  bioassay,  and 
depressions  in  the  amount  of  body  weight  gained  were  dose  related 
(figure  3).  Tissue  masses  were  observed  at  low  incidences  and 
were  common  to  the  dosed  and  control  groups.  Fluctuation  in  the 
growth  curves  may  be  due  to  mortality;  as  the  size  of  a group 
diminishes,  the  mean  body  weight  may  be  subject  to  variation. 


B.  Survival  (Mice) 


The  Kaplan  and  Meier  curves  estimating  the  probabilities  of 
survival  for  male  and  female  mice  administered  phthalic  anhydride 
in  the  diet  at  the  doses  of  this  bioassay,  together  with  those  of 
the  matched  controls,  are  shown  in  figure  4.  The  result  of  the 
Tarone  test  for  dose-related  trend  in  mortality  is  not 
significant  in  either  sex. 

In  male  mice,  47/50  (94%)  of  the  high-dose  group,  37/50  (74%)  of 
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Figure  3.  Growth  Curves  for  Mice  Administered  Phthalic  Anhydride  in  the  Diet 
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Figure  4.  Survival  Curves  for  Mice  Administered  Phthalic  Anhydride  in  the  Diet 
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the  low-dose  group,  and  17/20  (85%)  of  the  control  group  survived 
to  the  end  of  the  bioassay.  In  females,  40/50  (80%)  of  the 
high-dose  group,  45/50  (90%)  of  the  low-dose  group,  and  16/20 

(80%)  of  the  control  group  survived  to  the  end  of  the  bioassay. 

Sufficient  numbers  of  mice  of  each  sex  were  at  risk  for  the 
development  of  late-appearing  tumors. 
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C.  Pathology  (Mice) 


Histopathologic  findings  on  neoplasms  in  mice  are  summarized  in 
Appendix  B,  tables  B1  and  B2;  findings  on  nonneoplastic  lesions 
are  summarized  in  Appendix  D,  tables  Dl  and  D2. 

Several  chronic  inflammatory,  degenerative,  or  proliferative 
lesions  frequently  seen  in  aged  laboratory  mice  occurred  with 
approximately  equal  frequency  and  severity  in  the  dosed  and 
control  groups  of  animals. 

Based  on  the  histopathologic  examinations,  the  nature,  incidence, 
or  severity  of  the  lesions  observed  provided  no  clear  evidence  of 
carcinogenic  effect  of  the  phthalic  anhydride  on  B6C3F1  mice 
under  the  conditions  of  this  bioassay. 
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D.  Statistical  Analyses  of  Results  (Mice) 


Tables  FI  and  F2  in  Appendix  F contain  the  statistical  analyses 
of  the  incidences  of  those  primary  tumors  that  occurred  in  at 
least  two  animals  of  one  group  and  at  an  incidence  of  at  least  5% 
in  one  or  more  than  one  group. 

The  results  of  the  Cochran-Armitage  test  for  positive  dose- 
related  trend  in  incidences  of  tumors  and  those  of  the  Fisher 
exact  test  comparing  the  incidence  of  tumors  in  the  control  group 
with  that  in  each  dosed  group  in  the  positive  direction  are  not 
significant  in  either  sex. 

In  male  mice  negative  results  are  observed  in  the  incidence  of 
alveolar/bronchiolar  carcinomas.  A significant  dose-related 
trend  in  the  negative  direction  (P  = 0.025)  is  also  observed  in 
the  incidence  of  adenomas  of  the  thyroid  in  the  female  mice. 

In  each  of  the  95%  confidence  intervals  for  relative  risk,  shown 
in  the  tables,  the  value  of  one  or  less  than  one  is  included; 
this  indicates  the  absence  of  significant  positive  results.  It 
should  also  be  noted  that  each  of  the  intervals  (except  for  that 
of  the  incidence  of  alveolar/bronchiolar  carcinomas  of  the  lung 
in  low-dose  male  mice)  has  an  upper  limit  greater  than  one. 
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indicating  the  theoretical  possibility  of  the  induction  of  tumors 
by  phthalic  anhydride,  which  could  not  be  detected  under  the 
conditions  of  this  test. 


34 


V.  DISCUSSION 


Mean  body  weights  of  the  high-dose  male  rats  and  of  the  low-  and 
high-dose  mice  of  each  sex  were  lower  than  those  of  the 
corresponding  controls;  mean  body  weights  of  the  low-dose  male 
rats  and  of  both  the  low-  and  high-dose  female  rats  were 
essentially  unaffected  by  administration  of  the  test  chemical. 
Depressions  in  the  amount  of  body  weight  gained  in  the  male  and 
female  mice  were  dose  related  throughout  the  bioassay.  Other 
clinical  signs  were  common  to  dosed  and  control  groups  of  the 
rats  and  mice  or  occurred  only  at  low  incidences.  Survivals  of 
the  rats  and  mice  were  not  affected  by  administration  of  the  test 
chemical.  Assays  of  the  dosed  feed  mixtures  indicated  that  they 
may  have  been  unstable  under  the  conditions  of  use. 

In  the  female  rats,  alveolar/bronchiolar  adenomas  occurred  at 
incidences  that  were  dose  related  in  the  positive  direction  (P  = 
0.020),  but,  in  direct  comparisons,  were  not  significantly  higher 
in  either  of  the  dosed  groups  than  in  the  control  group  (controls 
0/20,  low-dose  0/50,  high-dose  5/50).  Neither  these  adenomas  in 
the  high-dose  female  rats  nor  any  tumors  in  the  dosed  groups  of 
male  rats  or  male  or  female  mice  can  be  clearly  related  to 
administration  of  the  test  chemical. 
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It  is  concluded  that  under  the  conditions  of  this  bioassay, 
phthalic  anhydride  was  not  carcinogenic  for  F344  rats  or  B6C3F1 
mice  of  either  sex. 
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APPENDIX  A 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN 
RATS  ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 
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TABLE  A1 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIAllY  IN  STUDY 

20 

50 

50 

ANIMALS  KECECESIED 

20 

•50 

50 

ANIMALS  EXAMINED  HISTOP ATHOIOGICALLY 

20 

50 

50 

INIEGDMENTAE Y SYSTEM 

•SOBCUl  TISSUE 

(20) 

(50) 

(50) 

EASAL-CELL  CARCINOMA 

1 (2%) 

TBICHCEEITHELIOMA 

eibBcsabccma 

1 (5%) 

2 (4X) 

1 

(255) 

IIPCMA 

2 (455) 

HEHANGICMA 

NEURILEMOMA,  MALIGNANT 

1 (255) 

1 

(2%) 

HESFIBATOEY  SYSTEM 

«LUNG 

(20) 

(50) 

(50) 

CARCINOMA,  NOS,  METASTATIC 
SQUAMOUS  CELL  CARCINOMA 

1 {2%) 

1 

(2%) 

AlVECLAE/EfiONCHIOLAR  ADENOMA 

1 (5*) 

4 (855) 

1 

(255) 

HEMATOFCIETIC  SYSTEM 

•MUITIPIE  ORGANS 

(20) 

(50) 

(50) 

MALIGNANT  LYMPHOMA,  NOS 

4 (20X) 

10  (2055) 

12 

(2455) 

KALIG. LYMPHOMA,  HISTIOCYTIC  TYPE 
KYEICMONCCYTIC  LEUKEMIA 
MONOCYTIC  LEUKEMIA 

1 (5%) 

1 (2%) 

1 

(2%) 

♦BLCCD 

(20) 

(5  0) 

(50) 

LEUKEMIA, NOS 

1 [2%) 

1 

(2%) 

PCNCCYTIC  LEUKEMIA 

1 

(255) 

AECNE  MAEBOH 

(20) 

(49) 

(49) 

BHAEDCHYCSAECCMA,  METASTATIC 

1 

(2%) 

CIRCUIATCBY  SYSTEM 

*HE ABT 

(20) 

(50) 

(50) 

BHAEDOMYOSARCCMA 

1 

12%]_ 

« 

* 


NUPBEE  CF  ANIMALS 
NUKEEB  OF  ANIMALS 


BlIH  TISSUE  EXAMINED 
NECBOPSIED 


MICSOSCOPICALLY 
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TABLE  A1.  MALE  RATS:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

DIGES3IVE  SYSTEM 

♦LIVER 

NEOPLASTIC  NODULE 
HEPATOCELLULAR  CARCINOMA 

(20) 

1 (5%) 

(50) 

2 (4%) 

(49) 

♦DUODENUM 

ACENOCAECIKOMA,  NOS 

(20) 

(50) 

1 (2%) 

(48) 

UEINARX  SYSTEM 

NONE 

ENDOCRINE  SVSTEM 

♦PITUITARY 

CARCINOMA, NOS 
ADENOMA,  NOS 

(20) 

5 (25%) 

(49) 

13  (27%) 

(49) 

2 (4%) 

12  (24%) 

♦ADRENAL 

CORTICAL  CARCINOMA 
PHEOCHROMCCYTCM A 

(20) 

6 (30%) 

(48) 

1 (2%) 

8 (17%) 

(49) 

5 (10%) 

♦THYROID 

ADENOCARCINOMA,  NOS 
C-CELL  ADENOMA 

(20) 

3 (15%) 

(50) 

1 (2%) 
3 (6%) 

(48) 

3 (6%) 

♦PARATHYROID 

ADENOMA,  NOS 

(17) 

(4  3) 

1 (2%) 

(43) 

♦PANCREATIC  ISLETS 

ISLET-CELL  ADENOMA 

(20) 

(5  0) 

(49) 

2 (4%) 

BEPRCDUCTIVE  SESTEM 

♦MAMMARY  GLAND 
EIBfiCHA 
LIPOSARCGM A 
FIBROADENOMA 

(20) 

(50) 

4 (8%) 

(50) 

1 (2%) 
1 (2%) 
1 (2%) 

♦PREPUTIAL  GLAND 
CARCINOMA  .NOS 

(20) 

(50) 

1 12%) 

(50) 

» 

* 


NUKEEE  OF  ANIMALS 
NUBEEB  OF  ANIMALS 


H31H  IISSUE  EXAMINED  MICHOSCOPICALL Y 
NECEOFSIED 
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TABLE  A1.  MALE  RATS:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ACENCCABCINOMA,  NOS 

1 (2*) 

ITESTIS 

INTEKSTITIAL-CELL  TUMOR 

(20) 

13  (65*) 

(50) 

40  (80*) 

(48) 

35  (73*) 

♦EPIDIDYMIS 

LIPOMA 

(20) 

(50) 

(50) 

2 (4*) 

NERVCUS  SYSTEM 

•EBAIN 

CARCINOMA,  NOS,  INVASIVE 

(20) 

(49) 

(49) 

1 (2*) 

SPECIAL  SENSE  ORGANS 

♦EYE 

SQUAMOUS  CEIL  CARCINOMA 

(20) 

1 (5X) 

(50) 

(50) 

MUSCUICSKEIETAL  SYSTEM 

♦SKUII 

OSTEOSARCOMA 

(20) 

(50) 

1 (2*) 

(50) 

BODY  CAVITIES 

♦PERITONEUM 

SARCOMA,  NOS 

(20) 

(50) 

1 (2%) 

(50) 

♦TUNICA  VAGINALIS 

MESCTHELICMA,  NOS 

(20) 

1 (5%) 

(50) 

(50) 

AIL  CTREE  SYSTEMS 

♦MULTIPLE  ORGANS 
EIBECSARCCMA 

(20) 

(50) 

(50) 

J_i2*)_ 

* 

* 


NDKBEB  CF  ANIMALS 
NDMEER  CF  ANIMALS 


BIIH  TISSUE  EXAMINED  MICBOSCOPICA LLY 
NECEOFSIED 


43 


TABLE  A1.  MALE  RATS:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


ANIBAL  DISPOSIIION  SUMMAEY 


AMKAIS  IKITIAllY  IK  STUDY  20 

NATURAL  DEATHS  3 

KCRIBUNE  SACRIFICE  3 

SCHIEULED  SACRIFICE 
ACCIDENTALLY  KILLED 

TERMINAL  SACRIFICE  14 

ANIBAL  BISSING 


4 

2 
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36 


a INCLUDES  AUTCLYZED  ANIMALS 


TUMOR  SUM 

MAE  Y 

TOTAL  A 

NIMAIS  WITH  EfilMARY  TUMORS* 

19 

47 

46 

TOTAL 

PRIMARY  TUMORS 

37 

101 

84 

TOTAL  A 

NIMAIS  WITH  BENIGN  TUMORS 

18 

45 

43 

TOTAL 

BENIGN  TUMORS 

28 

77 

63 

TOTAL  A 

NIMAIS  WITH  MALIGNANT 

TUMORS 

7 

20 

21 

TCTAI 

MALIGNANT  TUMORS 

7 

24 

21 

TOTAL  A 

NIMAIS  WITH  SECONDARY 

TUMORS# 

3 

TOTAL 

SECONDARY  TUMORS 

3 

TCTAI  A 

NIMALS  WITH  TUMORS  UNCERTAIN- 

BENIGN  OR  MALIGNANT  2 

TCTAI  UNCERTAIN  TUMORS  2 

TOTAL  ANIMALS  WITH  TUMORS  UNCERTAIN- 
PRIMARY  OR  METASTATIC 
TCTAI  UNCERTAIN  TUMORS 

♦ PRIBARY  TUMORS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

# SECONDARY  TUMORS:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  ORGAN 


44 


TABLE  A2. 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STUDY 

20 

50 

50 

ANIBAIS  KECECPSIiE 

20 

50 

50 

ANIBAIS  EXAMINEE  HISTOI ATHOLCGIC ALLY 

20 

50 

50 

INTEGUMENTAB Y SYSTEM 

♦ SKIN 

TBICHOEPITHELIOMA 

(20) 

1 (5%) 

(50) 

(50) 

♦SUECUT  TISSUE 

SQUAMOUS  CELL  CAECINOMA 

BHAEDOMYOSARCOMA 

CSTECSAECCMA 

(20) 

1 (5%) 

(50) 

1 (2%) 

(50) 

1 

(2%) 

BESPIBATCBY  SYSTEM 

flUNG 

AIVECIAE/EBCNCHIOIAB  ADENOMA 

(20) 

(50) 

(50) 

5 

(10%) 

ALVECLAB/BEONCHICLAB  CARCINOMA 
CORTICAL  CARCINOMA,  METASTATIC 

1 (5%) 

3 (6%) 
1 (2%) 

1 

12%) 

HEHATCPC1EI3C  SYSTEM 


♦MULTIPLE  ORGANS 

MALIGNANT  LYMPHOMA, 

NOS 

(20) 

1 (5%) 

(50) 

10  (20%) 

(50) 

4 (8%) 

#M£DIASTINAL 

MALIGNANT 

L. NODE 
LYMPHOMA, 

NOS 

(20) 

(50)* 

1 (2%) 

(50) 

CIBCUIATCEY  SYSTEM 

NCNE 

DIGESTIVE  SYS 

TEM 

#LIVEE 

HEPATOCEIIULAB  CABCINCMA 

(20) 

(5  0) 

1_(2%i_ 

(50) 

i NURBEE  CF 
* NOBEEB  CF 


ANIMALS  BITH  TISSUE  EXAMINED  MICHOSCOPICALL Y 
ANIBAIS  NECBOPSIEL 
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TABLE  A2.  FEMALE  RATS:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

UBINAIY  SYSTEM 

lUEINAEY  BLADDER 
PAPILLCMA,  NOS 

(2  0) 

(50) 

1 (2X) 

(47) 

ENECCEINE  SYSTEM 

#PITDITAR Y 

CARCINOMA, NOS 
ADEKCBA,  NOS 

(20) 

11  (55X) 

(50) 

1 (2X) 
18  (36%) 

(49) 

2 (4%) 
19  (39%) 

#ADS£NAL 

CORTICAL  ADENOMA 
CORTICAL  CARCINOMA 
PHECCHBCMCCYTCMA 

(20) 

(49) 

1 (2%) 

(49) 

1 (2%) 

3 (6%) 

#THYBOID 

C-CELL  ADENOMA 

(20) 

(49) 

2 (4%) 

(50) 

3 (6%) 

REPBCEUCTIVE  SYSTEM 

♦MAMMARY  GLAND 
ADENOMA,  NOS 
CYSTADENOMA,  NOS 
FIBROADENOMA 

(20) 

2 (10X) 

(5  0) 

1 (2%) 
12  (24%) 

(50) 

1 (2%) 

6 (12%) 

♦PREPUTIAL  GLAND 
CARCINOMA, NOS 

(20) 

(50) 

1 (2%) 

(50) 

♦CIIIORAL  GLAND 
ADENOMA,  NOS 

(20) 

(50) 

1 (2%) 

(50) 

iUTEBUS 

ENDOMETRIAL  STEOMAl  POLYP 
CARCINOSARCOMA 

(19) 

1 (5%) 

(47) 

J (6%) 

(50) 

6 (12%) 
1 (2%) 

NERVOUS  SYSTEM 

DERAIN 

CARCINOMA,  NOS,  INVASIVE 
MIDUILCBLASTCMA 

(20) 

(50) 

1 (2%) 

(50) 

1 (2%) 

SPECIAL  SENSE  ORGANS 

NCNE 

# NUMEER  CF 

* NUMBER  GF 


iNIMALS  WITH  TISSUE  EXAMINEE  MICRCSC CPIC A LI Y 
ANIMALS  NECROPSIED 
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TABLE  A2.  FEMALE  RATS:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


HUSCUlCSKEltlAl  SYSIEl', 
NCKE 

BCCY  CAVIHEE 
NONE 

ALL  CTHEE  SYSTEMS 
NCNE 


ANIMAL  DISECSITION  SUMMARY 


ANIMALS  IKITIAILY  I ti  STUDY 
NATURAL  DEATHo) 

MCBIEUND  SACRIFICE 
SCHEDULED  SACRIFICE 
ACCIDENTALLY  KILLED 
TERMINAL  SACRIFICE 
ANIMAL  MISSING 


20  50  50 

2 6 2 

1 2 7 


17 


42 


41 


a INCLUDES  AUTCLYZED  ANIMALS 


# NUMBER  Cf 

♦ NUMEER  OF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  NECROFSIED 
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TABLE  A2.  FEMALE  RATS;  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


TUMOB  SUMMAfiY 


TOTAL  A 

NIMAIS  WITH  PRIMARY  TUMOES* 

13 

37 

36 

TOTAL 

PRIMARY  TUMORS 

18 

58 

53 

TOTAL  A 

NIMAIS  WITH  BENIGN  TUMORS 

12 

27 

32 

TOTAL 

BENIGN  TUMORS 

15 

38 

44 

TOTAL  A 

NIMALS  WITH  MALIGNANT 

TUMORS 

3 

16 

8 

TOTAL 

MALIGNANT  TUMORS 

3 

20 

9 

TOTAL  A 

NIMAIS  WITH  SECONDARY 

TUMORS# 

1 

1 

TCTAI 

SECONDARY  TUMORS 

1 

1 

TOTAL  A 

NIMAIS  WITH  TUMORS  UNCEETAIN- 

BENIGN  OB  MALIGNANT 

TCTAI  UNCEETAIN  lUMCBS 

TOTAL  ANIMALS  WITH  TUMORS  UNCEBTAIN- 
PRIMAEY  CE  METASTATIC 
TCTAI  UNCEETAIN  TUMORS 

* PRIMARY  IDMOfiS:  ALL  TUMORS  EXCEPT  SECONDARY  TUMORS 

# SECONDARY  TUMORS:  METASTATIC  TUMORS  OR  TUMORS  INVASIVE  INTO  AN  ADJACENT  ORGAN 


APPENDIX  B 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN 
MICE  ADIMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


49 


dl 

X 


M I 


50 


TABLE  Bl. 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  MICE 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIBAIS 

INITIALLY  IN  STUDY 

20 

50 

50 

ANIMALS 

MISSING 

1 

ANIMALS 

NECROPSIED 

20 

50 

49 

ANIMALS 

EXAMINED  HISTOPATHOLOGICAILY 

20 

50 

49 

INTFCOHENTAETf  SYSIEH 


NONE 

HBSPIBAlCBY  SYSTEM 

tlUNG 

(20) 

(5  0) 

(49) 

HEPATOCELLULAR  CARCINOMA,  METAST 

1 (5X) 

AIVEOLAR/EEONCHICLAR  ADENOMA 

2 (10*) 

4 (8X) 

3 (6X) 

AIVECLAR/BHONCHIOLAR  CARCINOMA 

6 (30X) 

2 (4X) 

6 (12X) 

HEMATCPCIETIC  SYSTEM 

♦MUniPLE  ORGANS 

(20) 

(5  0) 

(49) 

MALIGNANT  LYMPHOMA,  NOS 

3 (6X) 

1 (2X) 

iSP LEE N 

(19) 

(49) 

• (49) 

HEMANGIOMA 

2 (4X) 

HEMANGIOSARCCMA 

1 (5*) 

1 (2X) 

IMESENTERIC  L.  NODE 

(20) 

(4  7) 

(49) 

HALIG. LYMPHOMA,  HISTIOCYTIC  TYPE 

1 (2X) 

CIRCUIATCFY  SYSTEM 

NONE 


DIGESTIVE  SYSTEM 

#LIV£R 

(20) 

(50) 

(49) 

HEPATOCELLULAR  CARCINCMA 

3 (15X) 

12  (24X) 

7 

# NOBBEK  CF 

♦ NDBEEB  CF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  NECROPSIED 
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TABLE  B1.  MALE  MICE:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

HEHANGICS ABCCMA  2 (4%) 


DBIKAFY  SYSTEM 

iKIDNEY 

IIPOMA 

(20) 

(50) 

1 (2%) 

(49) 

ENICCEINE  SYSTEM 

fACBENAL 

(19) 

(49) 

(48) 

PBECCHBOMCCYTCHA 

1 (2%) 

BEPBCEUCTIVE  SYSTEM 

NONE 

NEBVCDS  SYSTEM 

NONE 

SPECIAL  SENSE  OBGANS 

♦EYE/LACEIMAl  GLAND 

(20) 

(50) 

(49) 

ADENOMA,  NOS 

1 (2X) 

MUSCDICSKEIEIAI  SXSTIP 
NONE 


BODY  CAVIH£E 
NONE 

All  CIHEP  SYSIEMS 

♦HUITIPIE  OBGANS  (20)  (50)  (49) 

CARCINCBA,  NOS.  MEIASIATIC 

# NUHEEB  OF  ANIMALS  HIIH  TISSUE  EXAMINED  HICBOSCOPICALLY 

• NOHEER  OF  ANIMALS  NECBOP3IED 
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TABLE  B1.  MALE  MICE:  NEOPLASMS  (CONTINUED) 


SABCOHA,  NOS 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


1 (5*) 


ANIBAl  EISECSITICK  SUflHAflY 


ANIBALS  INITIALLY  IN  STUDY  20  50 

NATURAL  DRATH<i  3 7 

BOBIBUND  SACBIFICE 
SCHEDULED  SACRIFICE 

ACCIDENTALLY  KILLED  6 

TEBHINAL  SACBIFICE  17  37 

ANIBAL  HISSING 


50 

2 


47 

1 


a INCLUDES  AOTOLYZED  ANIBALS 


TDHOB  SUHHARY 


TOTAL  ANIBALS  BITH  P8IHAEY  TUHOBS*  11 
TOTAL  PBIHABY  TUHOES  13 


21 

26 


18 

21 


TOTAL  ANIBALS  HITH  BENIGN  TUBOBS 
TOTAL  BENIGN  TUHOBS 


2 

2 


6 

6 


5 

6 


TCTAL  ANIBALS  HITH  BAIIGNANT  TUBOBS  10 
TOTAL  BALIGNANT  TUHOES  11 

TOTAL  ANIBALS  WITH  SECONDARY  TUBOBS#  1 
TOTAL  SICCNDABY  TUBOBS  1 


TOTAL  ANIBALS  HITH  TUHOBS  UNCEBTAIN- 
EENIGN  OR  BALIGNANT 

TCTAL  UNCERTAIN  TUHOES 

TCTAL  ANIBALS  HITH  TUHOBS  UNCEBTAIN- 
PBIHAEY  OB  HEIASTATIC 
TCTAL  UNCERTAIN  TUBOBS 


16  15 

20  15 

1 

1 


♦ PBIHABY  lUBOES;  ALL  TUHOES  EXCEPT  SECONDARY  TUHOBS 

i SECCNDABY  TUBOBS:  HETASIATIC  TUHOBS  OR  TUHOES  INVASIVE  INTO  AN  ADJACENT  ORGAN 
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TABLE  B2. 


SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


“ “ 

MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STUDY 

20 

50 

50 

ANIMALS  MISSING 

1 

1 

ANIMALS  NECEOPSIED 

20 

49 

48 

ANIBAIS  EXAMINED  HI STO PATHO LOGICALLY 

20 

49 

48 

INTEGUMENT AEY  SYSTEM 

♦SUBCUT  TISSUE 

(20) 

(49) 

(48) 

NEUBILEMCMA,  MALIGNANT 

1 (5%) 

BESEIFATCPY  SYSTEM 

#LUNG 

(20) 

(49) 

(48) 

AIVEOLAB/EEONCHIOIAE  ADENOMA 

3 (6%) 

1 

(2%) 

AIVECLAE/EBONCHIOLAB  CABCINOMA 

1 (5%) 

3 (6%) 

1 

(2%) 

CSTECSAECCMA,  METASTATIC 

1 

(2%) 

HEHATCPCIETIC  SYSTEM 

♦MULTIPLE  OEGANS 

(20) 

(49) 

(48) 

BALIGNANT  LYMPHOMA,  NOS 

1 (5%) 

3 (6%) 

4 

(8%) 

MALIG. LYMPHOMA,  HISTIOCYTIC  TYPE 

1 (5%) 

2 (4%) 

3 

(6%) 

PIASMA-CELL  TUMOB 

1 

(2%) 

♦BLOOD 

(20) 

(49) 

(48) 

LEUKEMIA, NOS 

2 

(4%) 

♦HEMATOPOIETIC  SYSTEM 

(20) 

(4  9) 

(48) 

BALIGNANT  LYMPHOMA,  NOS 

1 (2%) 

•SPLEEN 

(20) 

(48) 

(48) 

HEMANGIOMA 

1 

(2%) 

HEMANGICSABCOMA 

1 [5%) 

1 

(2%) 

•MESENTEBIC  L-  NODE 

(19) 

(4  9) 

(47) 

MALIGNANT  LYMPHOMA,  NOS 

1 (5X) 

MALIG. LYMPHOMA,  HISTIOCYTIC  TYPE 

1 (2%) 

ILIVEB 

(2  0) 

(48) 

(48) 

MALIG. LYBPHOHA,  HISTIOCYTIC  TYPE 

1 1211 

# SDBBEE  CF  ANIMALS 

* NDHEEE  OF  ANIMALS 


HIIH  IISSUE  EXAMINED  MICBOSCOPICALLY 
NECEOPSIED 
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TABLE  B2.  FEMALE  MICE:  NEOPLASMS  (CONTINUED) 


MATCHEP 

CONTROL 

LOW  OOSE 

HIGH  OOSE 

♦MESENTERY 

MALIG. LYMPHOMA, 

HISTIOCYTIC 

TYPE 

(20) 

(4  9) 

2 (4*) 

(48) 

tKICNEY 

MALIG. LYMPHOMA, 

HISTIOCYTIC 

TYPE 

(19) 

(48) 

(48) 

1 

(2X) 

•THYMUS 

MALIGNANT  LYMPHOMA,  NCS 

(18) 

(42) 

1 (2*) 

(37) 

CIBCOIATCEY  SYSTEM 

NONE 

DIGESTIVE  SYSTEM 

•LIVER 

HEPATOCEILULAR 

CAfiCINCMA 

(20> 

1 (5%) 

(48) 

(48) 

1 

(2X) 

•CECUM 

LEIOMYOSARCOMA 

(20) 

(49) 

(48) 

1 

(2X) 

URINARY  SYSTEM 

NONE 

£NDOCBINE  SYSTEM 


•PITUITARY 

ADENCMA,  NCS 

(19) 

(46) 

(41) 

1 

•THYROID 

ADENOMA,  NOS 

(19) 

2 (IIX) 

(48) 

(46) 

REPECEUCIIVi  SYSTEM 

♦MAMMARY  GLAND 

ADENOCARCINOMA, 

NOS 

(20) 

(49) 

2 (4X) 

(48) 

•UTERUS 

PAPILLARY  CYSTADENCCABCINOMA. NOS 

(19) 

(48) 

^ 12%) 

(46) 

i NUMBER  CF  ANIMALS 
* NUMEER  CF  ANIMALS 

KITH  TISSUE  EXAMINED  MICROSCOPICALLY 
NECROPSIED 
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TABLE  B2.  FEMALE  MICE:  NEOPLASMS  (CONTINUED) 


MATCHED 

CONTROL  LOW  DOSE 


ENDOMElEIAl  STRCMflL  PCLTE  1 (5%) 

iOVAEY  (18) 

PAPIllARY  CYSTADEKCMA,  NOS 
lERAICMA,  NOS 


(48) 

1 {2%) 
1 (2%) 


HIGH  DOSE 


(47) 


NfBVCOS  SYSIEK 
NONE 


SPEClAl  SE^SE  ORGANS 

♦EYl/LACRIMAL  GLAND  (20)  (49)  (48) 

ADENCKA,  NOS  1 (2X) 

PAPIllARY  ADENOCARCINOMA  1 (2%) 


HUSCDXOSKEIEIAl  SYSTEE 

♦ BCNE  (20)  (49) 

CSTIOSAfiCCHA 


BODY  CAVITIES 

♦AEDCMINAI  CAVITY  (20)  (49) 

CSIECSABCCMA,  INVASIVE 


(48) 

1 (2%) 


(48) 

1 (2X) 


All  OTHER  SYSIEBS 

♦ MUITIPIE  ORGANS  (20)  (49)  (48) 

SARCOMA,  NOS  1 (5X) 


ANIMAL  DISPOSITION  SUMHABY 


ANIMALS  INITIALLY  IK  STUDY  20  50 

NATOBAI  DEATHS  4 4 

MCBIBOND  SACRIFICE 
SCHEDULED  SACRIFICE 
ACCIDENTALLY  KILLED 

TERMINAL  SACRIFICE  16  45 

ANIMAL  HISSING  1 


a INCLUDES  ADTOLYZED  ANIMALS 

i NUMBER  OF  ANIMALS  WITH  TISSUE  EXAMINED  HICROSCOPICALL Y 
* NOMEEB  OF  ANIMALS  NECBOPSIED 


50 

8 


1 

40 

1 
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TABLE  B2.  FEMALE  MICE:  NEOPLASMS  (CONTINUED) 


TOHCfl  SUNHABY 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


TCTAl  ANIHAIS  WIIB  EfilMAHY  TOBCBS*  10 
TOTAL  PHI-BABY  TOBOBS  11 


21 

24 


17 

19 


TOTAL  ANIBAIS  HITH  BEHIGN  TOBOBS 
TCTAL  BENIGN  TOBOBS 


3 

3 


4 

5 


3 

3 


TOTAL  ANIBALS  HITH  BALIGNANT  TOBOBS  7 
TOTAL  BALIGNANT  TOBOBS  8 


16 

18 


14 

15 


TOTAL  ANIBALS  HITH  StCONDABY  TOBOBS# 
TOTAL  SECONDABY  TOBOBS 


1 

2 


TOTAL  ANIBALS  HITH  TOBOBS  UNCEBTAIN- 
BENIGN  OB  BALIGNANT 

TCTAL  ONCEFTAIN  TOBOBS 


1 


1 


TOTAL  ANIBALS  WITH  TOBOBS  UNCEBTAIN- 
PBIBAHY  CB  BETASTATIC 
TOTAL  ONCEHTAIN  TOBOBS 


♦ PBIBABY  TOBOBS:  ALL  TOBOBS  EXCEPT  SECONDARY  TOBOBS 

« SECONDARY  TOBOBS:  BETASTATIC  TOBOBS  OB  TOBOBS  INVASIVE  INTO  AN  ADJACENT  ORGAN 


t ! : 
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APPENDIX  C 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC 
IN  RATS  ADMINISTERED  PHTHALIC  ANHYDRIDE  IN 


LESIONS 
THE  DIET 
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TABLE  Cl 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


MATCHED 

CONTROL  Lbn  uOSE  HIGH  DOSE 


ANIMALS  IMIIALIY  IN  SIUDY 

20 

50 

50 

ANIHAIS  NICfiOPSIEC 

20 

50 

50 

ANIMALS  EXAMINEE  HI STOPATHOLOGIC ALLY 

20 

50 

50 

IKTEGUHENTABY  SYSTEM 

*SUECUT  TISSUE 

: . ;s) 

(50) 

(50) 

INFLAMMATION,  CHBONIC 

1 

(2X) 

NECBCSIS,  FAT 

1 

(2X) 

BESFIBATCBY  SYSTEM 

•Tfi ACHEA 

(19) 

(4  9) 

(49) 

INFLAMMATION,  CHBONIC 

1 (5%) 

1 (2X) 

ilUNG 

(20) 

(50) 

(50) 

EDEMA,  NOS 

1 (2X) 

HEMOBBHAGE 

1 (2*) 

1 

(2X) 

INFLAMMATION,  INTEBSTIIIAL 

1 (5X) 

3 

(6X) 

PNEUMONIA,  ASPIBATION 
EfiONCHCENEOHONIA  SUPPURATIVE 

1 (2*) 

1 

(2X) 

INFLAMHATICN  PBOLIFEBATI VE 

1 (2X) 

FIBBCSIS 

1 

(2%) 

PEBIVASCULITIS 
ABTEBICSCLEBOSIS,  NOS 

2 (4%) 

1 

(2X) 

LYMPHOCYTOSIS 

16  (80%) 

39  (78X) 

34 

(68X) 

HEMATCPCIETIC  SYSTEM 

♦ElOOD 

(20) 

(50) 

(50) 

LEUKOCYTOSIS,  NOS 

1 

(2X) 

«60NE  HARBOH 

(20) 

(49) 

(49) 

HYPERPLASIA,  HEMATOPOIETIC 

4 (8X) 

iSPLEEN 

(20) 

(50) 

(49) 

CONGESTION.  NOS 

2 iii) 

« 

* 


NOHBEB  CF  ANIMALS  HZIH  IISSDE  EXAMINED  HICBOSCOPICALLT 
NUHEEB  OF  ANINAIS  NECfiOFSlED 


61 


TABLE  Cl.  MALE  RATS:  NOIMNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

EIERCSIS 

1 

(2%) 

FIBROSIS,  FOCAL 
INFARCT,  NOS 

1 

(2%) 

1 

(2%) 

HEMCSIEEBOSIS 

4 (20%) 

12 

(24%) 

6 

(12%) 

BYPCPIASIA,  NOS 
lYMEHCIB  DEPLETION 

1 

(2%) 

1 

(2%) 

HYPERPLASIA,  RETICULUM  CELL 

1 

(2%) 

HEKATOPCIESIS 

10  (50%) 

38 

(76%) 

28 

(57%) 

GBANUICPCIESIS 

1 

(2%) 

#LYMPH  NODE 

(20) 

(50) 

(50) 

PIASMACYTOSIS 

1 

(2%) 

HYPERPLASIA,  LYMPHOID 

1 

(2%) 

iMANDIBDLAR  L-  NODE 

(20) 

(50) 

(50) 

CYST,  NOS 

1 (5%) 

6 

(12%) 

1 

(2%) 

CGNGESTICN,  NOS 
EDEMA,  NCS 

1 (5%) 

1 

(2%) 

1 

(2%) 

HEMORRHAGE 

HEMOSIDEROSIS 

1 

(2%) 

1 

(2%) 

HYPERPLASIA,  NOS 

3 

(6%) 

PIASMACYTOSIS 

1 (5%) 

4 

(8%) 

♦MEDIASTINAL  L. NODE 

(20) 

(50) 

(50) 

HYPERPLASIA,  LYMPHOID 

1 

(2%) 

♦MESENTERIC  1.  NODE 

(20) 

(50) 

(50) 

CYST,  NOS 

2 (10%) 

1 

(2%) 

CCNGESIION,  NOS 

1 

(2%) 

HEMOSIDEROSIS 

1 

(2%) 

HYPERPLASIA,  NOS 

1 

(2%) 

HYPERPLASIA,  LYMPHOID 

2 

(4%) 

1 

(2%) 

♦RENAL  LYMPH  NODE 

(20) 

(50) 

(50) 

CONGESTION,  NOS 

1 (5%) 

♦THYMUS 

(13) 

(18) 

(17) 

CYST,  NOS 
CONGESTION,  NCS 

1 

(6%) 

1 

(6%) 

HEMORRHAGE 
ATROPHY,  NOS 

1 

(6%) 

1 

(6%) 

CIRCULATCB?  SYSTEM 


♦HEART 

(20) 

(50) 

(50) 

FIBROSIS 

15  (75%) 

44  (88%) 

43 

i NUMBER  CF 
♦ NUMEEB  CF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  NECROESIED 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUEO) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

flEBOSIS,  FOCAL 

1 (2%) 

•HEABT/ATRIUM 

(20) 

(50) 

(50) 

THBOMBCSIS,  NOS 

1 (2%) 

tMYOCABDIUM 

(20) 

(50) 

(50) 

FIBBOSIS 

1 (2%) 

♦POIflONABY  AETEEY 

(20) 

(50) 

(50) 

HYPEPTBCPHY,  NOS 

1 (5%) 

3 (6%) 

5 (10%) 

DIGESIIVE  SYSTEM 

ISALIVABY  GLAND 

(19) 

(50) 

(50) 

INFLAMMATION,  NOS 

1 (2%) 

INFLAMMATION,  CHEONIC 

3 (6%) 

1 (2%) 

#LI VEB 

(20) 

(50) 

(49) 

CHOLANGIOFIBBOSIS 

14  (70X) 

42  (84%) 

39  (80%) 

NECROSIS,  NOS 

1 (2%) 

KECECSIS,  FOCAL 

2 (4%) 

BETAMCBPHCSIS  FATTY 

5 (25X) 

10  (20%) 

7 (14%) 

LIPOIDOSIS 

1 15%) 

1 (2%) 

1 (2%) 

BASOPHILIC  CYTO  CHANGE 

5 (25%) 

20  (40%) 

21  (43%) 

FOCAL  CELLULAR  CHANGE 
CLEAE-CELL  CHANGE 
ANGIECTASIS 

1 (5%) 

1 (2%) 

1 (2%) 

HEMATOPOIESIS 

1 (2%) 

•HEPATIC  CAPSULE 

(20) 

(50) 

(49) 

BUPTURE 

• 

1 (2%) 

FIBBOSIS,  FOCAL 

1 (2%) 

«LI VER/CENTBILOBULAB 

(20) 

(50) 

(49) 

NECROSIS,  FOCAL 

1 (5%) 

•BILE  DUCT 

(20) 

(50) 

(49) 

HYPERPLASIA,  NOS 

1 (5%) 

3 (6%) 

1 (2%) 

•PANCREAS 

(20) 

(50) 

(49) 

CYSTIC  DUCTS 

1 (2%) 

INFLAMMATION,  CHRONIC 

1 (5%) 

1 (2%) 

INFLAMMATION,  OHEONIC  FOCAL 

1 (5%) 

FIBROSIS 

4 (20%) 

2_J4%1 

2 (4%) 

# NOBBEE  CF  AEIMALS  HUH  TISSUE  EXAMINED  MICEOSCCPICALLY 

♦ NUHEEB  CF  ANIMALS  NECBCPSIED 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUEO) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

PEBIABIEBIIIS 

1 (5*) 

2 (4X) 

ATBCEHY,  NOS 

4 (20X) 

2 (4*) 

2 (4*) 

«SIOMACH 

(20) 

(50) 

(49) 

CYST,  NOS 

1 (2*) 

HEMATOMA,  OBGANIZEE 
ULCEB,  NCS 

1 (5X) 

1 (2X) 

LYMPHOCYTIC  INFLAMMATORY  INPILTR 

1 (2X) 

FIBROSIS 

4 (8*) 

2 (4X) 

LYMPHOCYTOSIS 

1 (2*) 

1 (2X) 

iGASTRIC  MUCOSA 

(20) 

(50) 

(49) 

MINERALIZATION 

1 (2X) 

AGASTRIC  SUEMUCOSA 

(20) 

(50) 

(49) 

FIBROSIS 

1 (2X) 

ASMALL  INTESTINE 

(20) 

(50) 

(48) 

LIVERTICOLUM 

1 (2*) 

CYST,  NCS 

INFLAMMATION,  CHRONIC  FOCAL 

1 (5*) 

1 (2*) 

ACOLON 

(19) 

(50) 

(48) 

BEHATOEIASIS 

1 (2X) 

OBIKABY  SYSIIH 


IKIENEY 

(20) 

(50) 

(49) 

CAST,  NOS 

15  (75X) 

45  (90X) 

37  (76X) 

HYCBCNEFHfiOSIS 

1 (2X) 

HEHCBBHAGE 

1 (2X) 

INFLAHMATICN,  ChaoNIC 

16  (SOX) 

45  (90X) 

38  (78X) 

NEPHROPATHY 

2 (4X) 

1 (2X) 

HEMOSIDEECSIS 

1 (2X) 

ATROPHY,  NOS 

1 (5X) 

AKIDNEY/GLOMEEOLOE 

(20) 

(50) 

(49) 

IILATATICB,  NCS 

1 (5X) 

iKIENEY/lOBDIE 

(20) 

(50) 

(49) 

HINERAIIZATICN 

1 (2%) 

EILATATICN,  NOS 

1 (5X) 

NEPHROSIS,  NOS 

1 (2X) 

ATBCPHY.  NOS 

.1  .(2g).._ 

« BUBBEE  CF  ANIMALS  BIIH  IISSOE  EXABINED  MICROSCOPICALLY 
• NUREEB  OF  ANIMALS  NECBOFSIED 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

#U.  ELADDEB/HUCCSA 
HYPEFPLASIA,  NOS 

(20) 

(48) 

1 (2*) 

(48) 

EKDCCfilNZ  SYSIEM 


#PITUITAE Y 

(20) 

(49) 

(49) 

CYST,  NOS 

1 (5%) 

5 

(10%) 

3 

(6%) 

lADRENAL 

(20) 

(4  8) 

(49) 

INFARCT,  NOS 

1 

(2%) 

METAMORPHOSIS  FATTY 

1 (5*) 

2 

(4%) 

2 

(4%) 

HYFERTECEHY,  FOCAL 

4 

(8%) 

AADBENAl  CORTEX 

(20) 

(48) 

(49) 

HYPFETBCPHY,  NOS 

1 

(2%) 

1 

(2%) 

HYPERTBOEHY,  FOCAL 

1 

(2%) 

fADRENAL  MEDULLA 

(20) 

(48) 

(49) 

HYPERTBOEHY,  NOS 

8 

(16%) 

HYEEFTBOEHY,  FOCAL 
HYPERPLASIA,  NOS 

1 (5X) 

4 

(8%) 

1 

(2%) 

#THYROID 

(20) 

(50) 

(48) 

HYPERPLASIA,  C-CEll 

3 (15%) 

5 

(10%) 

10 

(21%) 

iPAEATHYRClD 

(17) 

(4  3) 

(43) 

CYST,  NOS 

1 

(2%) 

iPANCREATIC  ISLETS 

(20) 

(5  0) 

(49) 

HYPERPLASIA,  NOS 
HYPEBPLASIA,  FOCAL 

2 

(4%) 

1 

(2%) 

BfPECEUCTIVE  SYSTEM 

*HAMHABY  GLAND 

(20) 

(50) 

(50) 

DILATATION/EUCTS 

5 (25%) 

12 

(2  4%) 

12 

(24%) 

♦PREPUTIAL  GLAND 

(20) 

(50) 

(50) 

CYST,  NOS 

1 

(2%) 

#PBOSTATE 

(20) 

(48) 

(45) 

CALCULUS.  NOS 

2 

i411_ 

t NUBBEB  CF  ANIMALS  lillH  TISSUE  EXAMINED  MICfiOSCOPICALLY 
* NDMEEB  OF  ANIMALS  NECBOESIED 
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TABLE  Cl.  MALE  RATS:  IMONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


INPt  AHMAUON,  SUPPORATIVE 
ABSCESS,  NOS 

INFIABHATICN,  CHRONIC  1 (5%) 

INFIAHBATICN,  CHRONIC  SUPPORATIV  1 (5X) 

FIBRCSIS 

HYPERPLASIA,  FOCAL  1 (5X) 


♦SEMINAL  VESICLE 

(20) 

(50) 

(50) 

INFLAMMATION,  SUPPURATIVE 

1 (5*) 

iTESTIS 

(20) 

(5  0) 

(48) 

HEMORRHAGE 

1 (2%) 

INFARCT,  NOS 

1 (2X) 

ATROPHY,  NOS 

3 (6X) 

2 (4*) 

♦EPIDIDYMIS 

(20) 

(50) 

(50) 

INFLAMMATION,  CHRONIC 

1 (2X) 

NIRVCUS  SYSTEM 

#EBAIN  (20) 

HEMORRHAGE 
IKFLAMKATICN,  FOCAL 
NECROSIS,  NOS 


SPECIAL  SENSE  ORGANS 
NONE 


HUSCOICSKEIEI AL  SYSTEM 


♦ABECMINAL  MUSCLE 
HEMORRHAGE 

(20) 

(50) 

(50) 

1 

(2%) 

BODY  CAVITIES 

♦PERITONEUM 

HEMORRHAGE 

(20) 

(50) 

(50) 

1 

{2%) 

♦MESENTERY 

PERIARTERITIS 

(20) 

(50) 

1 (2%) 

(50) 

3 

(6%) 

i NUMBER  OF  ANIMALS 
♦ NUMBER  OF  ANIMALS 

lilTH  TISSUE 
NECROPSIED 

EXAMINED  MICROSCOPICALLY 

(49) 

1 (2%) 


(49) 

2 (4X) 

2 (4X) 


2 (4X) 


1 (2*) 
1 (2*) 


1 (2*) 
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TABLE  Cl.  MALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


NECSCSIS,  fAI 


1 (2%) 


ALL  CIHLL  SY£ILM£ 

ADIEOSf  IL££U£ 

LVMPFCC^TIC  INFLAMrATCEY  INFILTP  1 


SPECIAL  FCEtHCLCGY  £a^!MAPY 
NONE 


tt  NoKBEE  Cf  ANLMALB  EIIH  TISSUE  EXAMINED  M ICEOS  C CP  ICA  LLY 
♦ NLMEEE  CF  ANIMALS  NECEOPSIED 
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TABLE  C2. 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STUDY 

20 

50 

50 

ANIMALS  NECBCPSIEL 

20 

50 

50 

ANIMALS  EXAMINED  HISTOPATHOLOGIC ALLY 

20 

50 

50 

INTEGliMENTAE  S SYSTEM 

*SKIN 

(20) 

(50) 

(50) 

DLCEE,  NOS 

1 (2%) 

INFLAMMATION,  ACUTE 

1 (2%) 

ATROPHY,  NCS 

1 (2%) 

♦SUECDT  TISSUE 

(20) 

(50) 

(50) 

THROMBOSIS,  NOS 

1 (2*) 

RESPIBATCEY  SYSTEM 

«LUNG 

(20) 

(50) 

(50) 

INFLAMMAIICN,  INTERSTITIAL 

2 (10*) 

6 (12%) 

5 (10%) 

INFIAMMATICN,  GRANULOMATOUS 

3 (6*) 

1 (2%) 

ABTERICSCLEBOSIS,  NOS 

1 (5*) 

1 (2%) 

LYMPHCCYTOSIS 

17  (85*) 

44  (88%) 

42  (84%) 

HIMATCPCIETIC  SYSTEM 

♦ELGCD 

(20) 

(50) 

(50) 

lEUKCCYTCSIS,  NOS 

1 (2%) 

IBONE  HABBOH 

(19) 

(48) 

(46) 

BYPEEPLASIA,  NOS 
HYPERPLASIA,  HEMATOPOIETIC 

3 (6%) 

1 (2%) 

tSPLEEN 

(20) 

(50) 

(50) 

CCNGESTICN,  NOS 
SCLEROSIS 

1 (2X) 

2 (4%) 

FIBROSIS,  FOCAL 
INFARCT,  NOS 

1 (5X) 

1 (2%) 

HEHCSIDEECSIS 

15  f75*) 

34  (68%) 

32  (64%) 

i NOflEEB  CF  ANIMALS  WIIH  IISSUE  EXAMINED  MICROSCOPICALLY 
♦ NDHEER  OF  ANIMALS  NECBOPSIED 
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TABLE  C2.  FEMALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


“ " ■ - ■ - ■ - — - 

MATCHED 

' 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

BYPEBPLASIA,  B£H ATOPOIETIC 
HYPEfiPLASIA,  BETICOLUH  CELL 

1 (2*) 

1 (2*) 

HEMATOPOIESIS 

16  (80%) 

39  (78*) 

45  (90*) 

ALYHPH  NODE 

(20) 

(50) 

(50) 

CONGESTION,  NOS 
PLASMACIIOSIS 

1 (2*) 

2 (4*) 

HYPEBPLAEIA,  LYMPHOID 

1 (2*) 

IMANDIBULAB  L.  NODE 

(20) 

(50) 

(50) 

CYST,  NOS 
HYPERPLASIA,  NOS 

1 (2*) 

1 (2*) 

HYPERPLASIA,  RETICULUM  CELL 
HYPERPLASIA,  LYMPHOID 

1 (5*) 

1 (2*) 

1 (2*) 

IMEDIASTINAL  L. NODE 

(20) 

(50) 

(50) 

CONGESTION,  NOS 

3 (6*) 

HYPERPLASIA,  RETICULUM  CELL 

1 (2*) 

IMESENTERIC  L.  MODE 

(20) 

(50) 

(50) 

CYST,  NOS 
CONGESTION,  NOS 

1 (5%) 

1 (2*) 

INFLAMMATION,  GBANULOM ATOUS 

1 (5*) 

HYPERPLASIA,  RETICULUM  CELL 

1 (5*) 

•THYMUS 

(9) 

(2  9) 

(20) 

ATROPHY,  NOS 

1 (5*) 

CIBCDIATCFY  SYSTEM 

•HEART 

(20) 

(50)  . 

(50) 

FIBROSIS 

13  (65*) 

34  (68*) 

40  (80*) 

LYMPHOCYTOSIS 

1 (2*) 

•HEART/ATRIOM 

(20) 

(50) 

(50) 

THROMBOSIS,  NOS 

1 (5*) 

IMYOCABDIUH 

(20) 

(50) 

(50) 

INFLAMMATION,  NOS 

1 (2X) 

♦ARTERY 

(20) 

(50) 

(50) 

INFLAMMATION,  NOS 

1 (2*) 

♦PULMONARY  ARTERY 

(2  0) 

(50) 

(50) 

HYPERTROPHY.  NOS 

# NUBBEB  CF  ANIMALS  WITH  TISSUE  EXAMINED  MICBOSCOPICALLY 

• NUMBER  OF  ANIMALS  NECBOPSIED 
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TABLE  C2.  FEMALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUEO) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


♦MESENTERIC  ARTERY 
PERIAHTEEIIIS 

(20) 

(50) 

(50) 

1 

(2%) 

IGESIIVE  SYSTEM 

#SA1IVARY  GLAND 

(19) 

(49) 

(50) 

INELAMMATICiN  , NOS 

1 

(2%) 

FIBROSIS 

1 

(2%) 

^ILI  VER 

(20) 

(50) 

(50) 

INFLAMMATION,  SUPPURATIVE 

1 

(2%) 

ABSCESS,  NOS 

1 

(2%) 

GRANULCMA,  NOS 

1 

(2%) 

1 

(2%) 

FIBROSIS,  FOCAL 

3 

(6%) 

CHOLANGICFIBROSIS 

o 

00 

28 

(56%) 

38 

(76%) 

CIRRHOSIS,  NOS 

1 (5%) 

NECRCSIS,  NOS 

1 

(2%) 

1 

(2%) 

NECECSIS,  FOCAL 

3 

(6%) 

1 

(2%) 

METAMCEPHOSIS  FATTY 

1 (5%) 

3 

(6%) 

4 

(8%) 

BASOPHILIC  CYTO  CHANGE 

17  (85%) 

43 

(86%) 

39 

(78%) 

FCCAL  CELLULAR  CHANGE 

1 

(2%) 

1 

(2%) 

MEGALCCYTCSIS 

1 (5%) 

lEUKCCYTOSIS,  NEUTROPHILIC 

1 

(2%) 

iLIVER/CENTBILOEULAE 

(20) 

(5  0) 

(50) 

NECRCSIS,  NOS 

1 

(2%) 

iLIVER/PERIPOETAL 

(20) 

(50) 

(50) 

lIPCICOSIS 

1 

(2%) 

iPANCBEAS 

(19) 

(49) 

(49) 

FIBROSIS 

1 (5%) 

1 

(2%) 

3 

(6%) 

FIBROSIS,  FCCAL 

1 

(2%) 

PERIARTERITIS 

1 

(2%) 

NECECSIS,  FAT 

1 

(2%) 

ATROPHY,  NOS 

1 (5%) 

2 

(4%) 

2 

(4%) 

ATROPHY,  FCCAL 

1 

(2%) 

#S10MACH 

(20) 

(50) 

(50) 

ULCER,  NOS 

1 

(2%) 

INFLABMATICN,  SUPPURATIVE 

1 

(2%) 

INFLAMMATION,  CHRONIC 

1 

(2%) 

FIBECSIS 

1_ 

(2%) 

2 

# NUilBZE  CF  ANIHALS  BITH  TISSUE  EXAMINED  MICROSCOPICALLY 

* NUHEER  CF  ANIMALS  NECBOESIED 


70 


TABLE  C2.  FEMALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

HYPERPLASIA,  EEITHElIAl 

1 

(2%) 

lYBPHCCYICSIS 

2 

(4%) 

(ILABGE  INTESTINE 

(20) 

(4  9) 

(49) 

NEHAIODIASIS 

1 

(2%) 

•COLON 

(20) 

(49) 

(49) 

KEHATCDIASIS 

1 

(2%) 

1 

(2%) 

URINARY  SYSTEM 

•KIDNEY 

(20) 

(50) 

(50) 

CAST,  NOS 

10  (50*) 

19 

(38%) 

16 

(32%) 

HYDBCNEP6ROSIS 
CCNGESTICN,  NOS 
INFLAMMATION,  INTEESTIIIAL 

1 (5*) 

1 

(2%) 

1 

(2%) 

INFLAMMATION,  CHRONIC 

14  (70S) 

42 

(84%) 

40 

(80%) 

SCIEBCSIS 

1 

(2%) 

HEMOSIDEROSIS 

1 (5S) 

1 

(2%) 

1 

(2%) 

•KIDNEY/PELVIS 

(20) 

(50) 

(50) 

CALCULUS,  NOS 

1 

(2%) 

•URINARY  ELADDEB 

(20) 

(50) 

(47) 

HEMOBBHAGE 

HYPEEPLASIA,  ADENOMATOUS 

1 

(2%) 

1 

(2%) 

ENDOCRINE  SYSTEM 

•PITUITARY 

(20) 

(50) 

(49) 

CYST,  NOS 

5 (25S) 

22 

(44%) 

12 

(24%) 

CONGESTION,  NOS 

2 

(4%) 

HEMORRHAGIC  CYST 

2 (10S) 

2 

(4%) 

1 

(2%) 

INFLAMMATICN,  OSSIFYING 

1 

(2%) 

ANGIECTASIS 

1 

(2%) 

•ADRENAL 

(20) 

(49) 

(49) 

CONGESTION,  NOS 

1 

(2%) 

HEMORRHAGIC  CYST 

1 (5S) 

1 

(2%) 

BETAHCRPHCSIS  FATTY 

3 (15%) 

2 

(4%) 

1 

(2%) 

EIGMENTATION,  NOS 
HYPERTROPHY,  NOS 

2 (10%) 

1 

(2%) 

•ADRENAL  CORTEX 

(20) 

(49) 

(49) 

METAMORPHOSIS  FATTY 

1 

il%l_ 

# NUEBEfi  CF  SNIMALS  WIIH  IISSUE  EXAMINED  MICfiOSCOPICALL Y 

♦ NUBEEB  CF  ANIMALS  NECEOPSIED 
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TABLE  C2.  FEMALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

HYPEBTBOPHY,  NOS 

2 

(4%) 

2 

(4%) 

HYPEETBOEHY,  FOCAL 

1 (5%) 

1 

(2%) 

HYPEBFLAEIA,  NOS 

1 

(2%) 

*AD8£MAL  BEOULLA 

(20) 

(4  9) 

(49) 

EYPEEPIASIA,  NOS 

1 

(2%) 

ATHYROID 

(20) 

(4  9) 

(50) 

ULTIMOEBANCHIAL  CYSI 

1 

(2%) 

FOLLICULAR  CYST,  NOS 

1 

(2%) 

IKFLAMBATICN,  CHRONIC  FOCAL 

1 

(2%) 

HYPERPLASIA,  C-CELL 

1 (5%) 

9 

(18%) 

6 

(12%) 

iPANCREATIC  ISLETS 

(19) 

(49) 

(49) 

HYPERPLASIA,  NOS 

1 

(2%) 

BEPBCEUCTIVI  SYSTEM 

♦MAHHABY  GLAND 

(20) 

(50) 

(50) 

EILATATICN/DUCTS 

13  (65%) 

33 

(66%) 

24 

(48%) 

GALACTCCELE 

1 (5%) 

4 

(8%) 

1 

(2%) 

INFLAMMATION,  GRANULOMATOUS 
FIBBOSIS 

1 

(2%) 

1 

(2%) 

HYPERPLASIA,  NOS 
HYPERPLASIA,  FOCAL 

1 (5%) 

1 

(2%) 

HYPERPLASIA,  CYSTIC 

1 

(2%) 

lUTERUS 

(19) 

(47) 

(50) 

HABAETOHA 
CILATAIICN,  NOS 
KECBCSIS,  NOS 

1 (5%) 

1 

(2%) 

1 

(2%) 

#UTERUS/ENDOMETBIUM 

(19) 

(47) 

(50) 

DILATATION,  NOS 

1 

(2%) 

1 

(2%) 

CYST,  NOS 

1 

(2%) 

HYPERPLASIA,  EPITHELIAL 

1 

(2%) 

AENDCBETBIAI  GLAND 

(19) 

(47) 

(50) 

DILATATION,  NOS 

3 (16%) 

iOVAEY 

(19) 

(47) 

(50) 

CYST,  NOS 

1 (5%) 

3 

(6%) 

1 

(2%) 

INFLAMMATION,  CHEONIC 
HYPOPLASIA,  NOS 

1 (5%) 

1 

J2%) 

i NUBBEE  CF  ANIBALS  KITH  TISSUE  IXABINED  MICROSCOPICALLY 
♦ NUBEEB  OF  AKIBAIS  NECBOPSIED 
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TABLE  C2.  FEMALE  RATS:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ATROPHY,  NOS 

1 (2%) 

NERVCOS  SYSTEM 

•LATERAL  VENTGICLE 
DILATATION,  NOS 

(20) 

1 (5*) 

(50) 

(50) 

•BRAIN 

MINERAIIZATION 
DILATATION,  NOS 
HYDROCEPHALUS,  NOS 

(20) 

(50) 

1 (2%) 

(50) 

1 (2X) 
1 (2%) 
1 (2*) 

SPECIAL  SENSE  OBGANS 

♦EYE 

FIBROSIS 

(20) 

(50) 

(50) 

1 (2S) 

•EYE/CCRNEA 

RUPTURE 

(20) 

(50) 

(50) 

1 (2*) 

HDSCOlOSKtIETAi  SYSTEM 

♦SKULL 

EXOSTOSIS 

(20) 

(50) 

(50) 

1 (2X) 

BODY  CAVITIES 

♦PEBICAREIDB 

INFLAMMATION,  FIBRINOUS 

(20) 

(50) 

1 (2*) 

(50) 

AIL  CTBEE  SYSTEMS 

NONE 

SPECIAL  MCRPHCLOGY  SUMMARY 

NO  LESION  FEPORIED 

1 

# NUMBER  OF 

* NUBEEB  CF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  NECROPSIED 
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APPENDIX  D 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS 
IN  MICE  ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 
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TABLE  01 


SUMMARY  OF  THE  INCIOENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE 
AOMINISTEREO  PHTHALIC  ANHYORiOE  IN  THE  OIET 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIFAIS  INITIALLY  IN  STUDY 

20 

50 

50 

ANIMALS  KISSING 

1 

ANIMALS  NECBOPSIED 

20 

50 

49 

ANIMALS  EXAMINED  HI STCPATHOLOGICALL Y 

20 

50 

49 

INTEGOHENTABY  SYSTEM 

♦SKIN 

(20) 

(50) 

(49) 

ATBOPHY,  NOS 

1 (2%) 

♦SOECUT  TISSUE 

(20) 

(50) 

(49) 

AESCESS,  NOS 

1 (2%) 

BESEIBATCBY  SYSTEM 

#TB  ACHEA 

(20) 

(4  8) 

(45) 

HEMOfifiHAGE 

1 (2%) 

ALONG 

(20) 

(50) 

(49) 

EEMOBBHAGE 

2 (436) 

1 (236) 

EBONCHOENEUMONIA,  NOS 
lYMEHCCYTIC  INFLAMMATORY  INFILTB 

1 (536) 

1 (2%) 

INFLAHMATICN,  INTERSTITIAL 
INFLAMMATION  PROLIFERATIVE 

1 (5%) 

1 (236) 

ALVEOLAR  MACROPHAGES 

1 (236) 

LYMPHOCYTOSIS 

6 (30%) 

19  (3836) 

30  (6136) 

HEMATCPCIEIIC  SYSTEM 

•ELCCD 

(20) 

(50) 

(49) 

lEUKOCYTCSIS,  NOS 

1 (2%) 

iBONE  MARROH 

(20) 

(49) 

(49) 

HYPERPLASIA,  HEMATOPOIETIC 

1 (2^) 

iSPLEEN 

(19) 

(49) 

(49) 

CONGESTION,  NOS  1 (2X) 

HYPEBPLASIA.  LYMEHOID 2 (4%) 


* NUflBEfi  OF 

♦ NUHEER  OF 


ANIMALS  HITH  TISSUE  EXAMINED  MICEOSCOPICA  LI  Y 
ANIMALS  NECBOPSIED 
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TABLE  D1.  MALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ISPIENIC  FOLLICLES 

(19) 

(49) 

(49) 

ATEOEEY,  NOS 

1 (2%) 

iLYMEH  NODE 

(20) 

(4  7) 

(49) 

EYPEEPIASIA,  NOS 

1 (2%) 

iMANDlEDLAB  L.  NODE 

(20) 

(4  7) 

(49) 

CYST,  NOS 

3 (15X) 

HEMOBEH AGE 

1 (5%) 

iEBONCHIAL  LYMPH  NODE 

(20) 

(47) 

(49) 

INFLAMMATION,  CHECNIC 

1 (5%) 

#MESENIEEIC  1.  NODE 

(20) 

(47) 

(49) 

lYMPHANGIECTASIS 
IHECMECSIS,  NOS 

1 {5%) 

1 (2%) 

CCNGESTICN,  NOS 

3 (15X) 

7 (15%) 

7 (14%) 

HYFEEPIASIA,  NOS 
HYPEBPLASIA,  EETICULUM  CELL 

1 (5%) 

4 (9%) 

5 (10%) 

HYPEEPLASIA,  LYMPHOID 

1 (2%) 

#IHYMUS 

(12) 

(38) 

(47) 

CYST,  NOS 

1 (8%) 

CIECDIATCEY  SYSTEM 


#HE AET 

FIBEOSIS 
FIBECSIS,  FOCAL 
EEBIABTEEITIS 

(20) 

1 (5%) 

(49) 

1 (2%) 

(49) 

1 (2%) 

#HE ABT/ATEIUM 

THBOMEOSIS,  NCS 

(20) 

(4  9) 

1 (2%) 

(49) 

HMYCCABDIUM 

INFLAMMATION,  CHEONIC  FCCAL 

(20) 

1 (5%) 

(4  9) 

(49) 

#H£PATIC  SINUSOID 

lEDKCCYTCSIS,  NOS 

(20) 

(50) 

1 (2%) 

(49) 

DIGESTIVE  SYSTEM 

KLI VEB 

FIBECSIS,  FOCAL 

(20) 

(50) 

(49) 

l_i2%i_ 

# NUBEEE  CF  ANIMALS  KITH  TISSUE  EXAMINED  MICEOSCOPICALLY 

* NUMEEE  CF  ANIMALS  NECEOPSIED 
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TABLE  D1.  MALE  MICE:  IMONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 


CONTROL 

LOW  DOSE 

HIGH  DOSE 

NECROSIS,  FOCAL 

2 (10%) 

2 (4%) 

1 (2%) 

INFAPCI,  NCS 

1 (2%) 

EETAMCBFHCSIS  FAIIY 

5 (25%) 

3 (6%) 

3 (6%) 

IIPOICCSIS 

6 (12%) 

PEGALCCYTGSIS 
HYPEEPIASIA,  NODULAR 

1 (5%) 

1 (2%) 

ANGIECIASIS 

1 (5%) 

1 (2%) 

KEILE  DUCT 

(20) 

(50) 

(49) 

INFIAKMATICN,  CHECNIC 

1 (5%) 

7 (14%) 

17  (35%) 

#PANCREAS 

(20) 

(49) 

(47) 

FIBECSIS 

1 (2%) 

#STOMACH 

(19) 

(48) 

(49) 

INFLAMMATION,  NOS 

1 (2%) 

INFLAMMATION,  FOCAL 

3 (6%) 

•SMALL  INTESTINE 

(20) 

(47) 

(49) 

ULCER,  NOS 

1 (2%) 

GEANUIATICN,  TISSUE 

1 (2%) 

•COIGN 

(20) 

(48) 

(49) 

EOLYF 

1 (2%) 

OEINABY  SYSTEM 

•KIDNEY 

CAST,  NCS 

INFLAMMATION,  CHRONIC 

AHYIOIDCSIS 

LYMPHCCYTCSIS 

(20) 

1 (5%) 

9 (45%) 

(50) 

22  (44%) 
1 (2%) 
15  (30%) 

(49) 

3 

37 

(6%) 

(76%) 

ENDCCEINE  SYSTEM 

lADEENAL 

(19) 

(49) 

(48) 

AMYLOIDOSIS 

1 (2%) 

BYPEETBCEHY,  FOCAL 

1 (2%) 

•ADRENAL  CORTEX 

(19) 

(49) 

(48) 

ATROPHY,  NOS 

2 3 (4  7%) 

40 

(83%) 

HYPEETBCFHY,  NCS 

1 

(2%) 

BYEEBTBOEHY,  FOCAL 

1 

12%I_ 

* 

* 


NUtBEE  CF  ANIMALS 
NUHEEB  CF  ANIMALS 


WITH  TISSUE  EXAMINED 
NECEOFSIED 


MICROSCOPICALLY 
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TABLE  01.  MALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUEO) 


MATCHED 

CONTROL 

LOW  DOSE  HIGH  DOSE 

EEPBCDUCIIVl  SlSIfM 

♦EPIEIDYMIS  (20)  (5  0)  (49) 

ItiFLAMKATICN,  CHPONIC  1 (5%) 


NliiVCUS  SYSTEM 


#EBA1N 

CONGESTION,  NOS 
fiEMCEBHAGE 


(19)  (50) 

1 (5%) 


(49) 

1 (2*) 
1 (2%) 


iBK AIN/THALAMUS 
MINERALIZATION 


(19)  (50)  (49) 

18  (36%)  23  (47%) 


SPECIAL  SENSE  ORGANS 
NONE 


MOSCLIOSKEIET AL  SYSTEM 
NONE 


BCEY  CAVITIES 


♦MESENTERY 

MINERALIZATION 
NECRCSIS,  FAT 


(20)  (50)  (49) 

1 (5%) 

2 (10%) 


All  CTREE  SYSTEMS 

♦ MUITIPIE  ORGANS  (20)  (50)  (49) 

lYMPhCCYTOSIS  2 (4%) 

SPECIAL  MCEPHCICGY  SUMMARY 

NC  LESION  REPORTED  2 2 

ANIMAL  MISSING/NC  NECROPSY  1 


# NUMBER  CE 

* NUMBER  OF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  NECBOPSIED 
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TABLE  D2. 


SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE 
ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

ANIMALS  INITIALLY  IN  STUDY 

20 

50 

50 

ANIMAIS  MISSING 

1 

1 

ANIMALS  NECBOPSIED 

20 

49 

48 

ANIMALS  EXAMINED  HISTOPATHOLOGIC  ALLY 

20 

49 

48 

INTIGUKENTAEY  SYSTEM 

NONE 

BESPIBATCBY  SYSTEM 

ilUNG 

(20) 

(49) 

(48) 

INFLAMMATION,  INTEESTITIAL 

2 (4X) 

LYMPHOCYTOSIS 

2 (10X) 

32  (65%) 

34  (71%) 

HEMAICPCIITIC  SYSTEM 

•ELOCD 

(20) 

(4  9) 

(48) 

lEUKCCYTCSIS,  NEUTBOPHILIC 

1 (5%) 

1 (2%) 

•SPLEEN 

(20) 

(48) 

(48) 

HYPEBPLASIA,  LYMPHOID 

1 (2%) 

HEMATOPOIESIS 

1 (5X) 

•LYMPH  NODE 

(19) 

(4  9) 

(47) 

HYPEBPLASIA,  NOS 

1 (5%) 

HYPEBPLASIA,  LYMPHOID 

1 (2%) 

•HANDIEDLAB  L.  NODE 

(19) 

(49) 

(47) 

HYPEBPLASIA,  NOS 

1 (5%) 

HYPERPLASIA,  LYMPHOID 

1 (2%) 

•MESBNTEBIC  L.  NODE 

(19) 

(49) 

(47) 

LYMPHANGIECTASIS 

3 (6%) 

CONGESTION,  NOS 

2 (11X) 

1 (2%) 

3 (6%) 

EDEMA,  NOS 

1 (2%) 

HEMOBBHAGE 

1 (2%) 

INFLAMMATION.  CHBONIC 

1 (2%) 

* NOHBEfi  CF  ANIMALS 

♦ NOMEEB  CF  ANIMALS 


Hlie  TISSUE  EXAMINED  MICfiOSCOPICALLY 
NECBOFSIED 
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TABLE  D2.  FEMALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

HYPEEFL A£I A, 

NOS 

1 (2%) 

HYPEEPIASIA, 

RETICULUM  CELL 

9 (18%) 

HYPERPLASIA, 

LYMPHOID 

1 (2%) 

CIBCUIATCEY  SY5TEK 


fHEART 

(19) 

(48) 

(47) 

MINEEALIZATICN 

1 (5%) 

EIGESUVE  SYSTEK 


#LI VER 

(20) 

(48) 

(48) 

LYMPHOCYTIC  INFLAMMATCEY  INFILTE 

1 

(2%) 

NECROSIS,  NOS 
NECROSIS,  FCCAL 

1 (5%) 

1 

(2%) 

EETAMCEPHCSIS  FATTY 
IEUKCCYTC3IS,  NOS 

1 

(2%) 

1 

(2%) 

GEANULCPCIESIS 

1 

(2%) 

#LI VEB/CENTBIIOEULAR 

(20) 

(48) 

(48) 

IIPOIEC5I3 

1 

(2%) 

itEILE  DUCT 

(20) 

(48) 

(48) 

DILATATION,  KCS 

1 (5%) 

1 

(2%) 

INFIAMMATICN,  CHEONIC 

10  (50%) 

30 

(63%) 

36 

(75%) 

iP ANCEE AS 

(18) 

(49) 

(47) 

INFLAMMATION,  NOS 

1 

(2%) 

INFIAMMATICN,  CHBCNIC 

1 

(2%) 

EIEBCSI S 

1 

(2%) 

1 

(2%) 

EIBBCSIS,  FCCAL 

1 

(2%) 

ATECPHY,  NCS 

1 

(2%) 

AIRCPHY,  FCCAL 

1 

(2%) 

#STCMACH 

(20) 

(49) 

(48) 

INFIAMMATICN,  ACUTE  FCCAL 

1 (5%) 

KDUCDENUM 

(20) 

(49) 

(46) 

PCLYE 

1 

(2%) 

UEINAEY  SYSTEM 

DKIDNEY 

(19) 

(4  8) 

(48) 

LYMPHCCYTIC  INFLAMMATCEY  INFILTE 

1 

1 

1 

1 

1 

1 

OJ| 

-1 

# NUMEEE  CF  fliNI.'lALS  tillfi  IISSUE  EXAMINED  MICROSCOPICALLY 

♦ NUKEEE  CF  ANIMALS  NECEOFSIED 
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TABLE  D2.  FEMALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUED) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  DOSE 

INFLAMKAIICN,  CHECNIC 
LYMPHCCYICSIS 
HYPERPLASIA,  LYMPHOID 

1 (5%) 

9 (19%) 

22  (46%) 

26  (54%) 
1 (2%) 

#KICNEY/T1JEULE 
NECRCSIS,  NCS 

(19) 

(4  8) 

1 (2%) 

(48) 

#UEINARY  ELADDER 
EDEMA,  NCS 

(18) 

(47) 

(47) 

1 (2%) 

#U. ELAELER/SUuMUCCSA 
FIBECSIS 

(18) 

1 (6%) 

(47) 

(47) 

EKECCEINE  SYSTEM 

#ADB£NAL 

CYST,  NOS 

METAMCEPHCSIS  FATTY 

(18) 

(46) 

1 (2%) 
1 (2%) 

(46) 

#ADE£NAL  COETEX 
ATRCPHY,  NCS 
HYPEETBCPHY,  FOCAL 

(18) 

16  (89%) 

(46) 

37  (80%) 

(48) 

42  (88%) 

1 (2%) 

*ADEENAL  MEDULLA 

EYPEETECPHY,  FOCAL 

(18) 

(46) 

(48) 

1 (2%) 

#TK YROID 

FIBECSIS,  FOCAL 
ATROPHY,  NOS 

(19) 

(4  8) 

(46) 

1 (2%) 
1 (2%) 

SEPECLUCTIVE  SYSIEK 

#UTERUS 

DILATATION,  NOS 
EDEMA,  NCS 
PYCMLTEA 

(19) 

2 (11%) 

(48) 

1 (2%) 

(46) 

1 (2%) 

♦UTERUS/ENDCMSTFIUM 
DILATATION,  NCS 
INFLAMMATION,  NOS 
INFLAMMATION,  CHECNIC 
HYPEFPLASIA,  PAPILLARY 
EYPEEPLASIA.  CYSTIC 

(19) 

5 (26%) 

(48) 

29  (60%) 
1 (2%) 

1 (2%) 

(46) 

2C  (43%) 

1 (2%) 

1 (2%) 

# NUKBEF:  CF  ANIMALS  NIIH  IISSUL  EXAMINLD  MICROSC  CPIC  A LL  Y 

♦ NUMEFF  CF  ANIMALS  NECEOPSiED 


TABLE  02.  FEMALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUEO) 


MATCHED 

CONTROL 

LOW  DOSE 

HIGH  OOSE 

iOVAEY 

CYST,  NOS 
HEMCERHAGIC  CYST 
ATBCEHY,  NOS 

(18) 

2 (11%) 
1 <6%) 

(48) 

26  (54%) 

1 (2%) 

(47) 

7 (15%) 
1 (2%) 

1 (2%) 

HEBVCUS  SYSTEM 

tBBAIN 

HEHOEBHAGE 
KECfiCSIS,  NOS 

(20) 

(49) 

1 (2%) 

(48) 

1 (2%) 

#BBAIN/IHALAMUS 

HINEEALIZATION 

(20) 

8 (40%) 

(49) 

20  (41%) 

(48) 

26  (54%) 

SPECIAL  SENSE  CEGANS 

NONE 

MDSCUIOSKELETAL  SYSTEM 

*BCNE 

HEALED  FBACTUBE 
CSTEOFOBCSIS 

(20) 

(49) 

(48) 

1 (2%) 
4 (8%) 

*FEMUB 

CSTEOFOBCSIS 

(20) 

1 (5%) 

(49) 

(48) 

BODY  CAVITIES 

♦PERITCNEUM 

NECECSIS,  FAT 

(20) 

(49) 

(48) 

1 (2%) 

^MESENTERY 

NECEOSIS,  FAT 

(20) 

(49) 

2 (4%) 

(48) 

All  CIHEE  SYSTEMS 


NONE. 


i NUMEEE  CF 
♦ NUMEEE  CF 


ANIMATS  WITH  TISSUE  EXAMINED  MICECSCOPICAll Y 
ANIMALS  NECBCFSIED 
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TABLE  D2.  FEMALE  MICE:  NONNEOPLASTIC  LESIONS  (CONTINUEO) 


MATCHED 

CONTROL  LOW  DOSE  HIGH  DOSE 


SFECIfiL  f^CFFKCLCGY  SUK.MABY 


ANIMAL  MISSIKG/NC  NECROPSY 
NECFCESY  EERF/NO  HISTC  PEEFCFMEE 
AUTC/NECEOESY/HISIO  PERF 
AUTCLYSIS/NO  NECROPSY 


1 

2 

1 


# NUMEER  OF 

* NtKEEE  OF 


ANIMALS  WITH  TISSUE  EXAMINED  MICROSCOPICALLY 
ANIMALS  NECBOPSIED 
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APPENDIX  E 


ANALYSES  OF  THE  INCIDENCE  OF  PRIMARY  TUMORS 
IN  RATS  ADMINISTERED  PHTHALIC  ANHYDRIDE  IN  THE  DIET 
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Table  El.  Analyses  of  the  Incidence  of  Primary  Tumors  in  Male  Rats 
Administered  Phthalic  Anhydride  in  the  Diet  (a) 

(continued) 
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Table  E2.  Analyses  of  the  Incidence  of  Primary  Tumors  in  Female  Rats 
Administered  Phthalic  Anhydride  in  the  Diet  (a) 

(continued) 

Matched  Low  High 

Topography ; Morphology  Control  Dose  Dose 
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(f)  The  95%  confidence  interval  of  the  relative  risk  between  each  dosed  group  and  the  control  group. 
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Review  of  the  Bioassay  of  Phthalic  Anhydride*  for  Carcinogenicity 
by  the  Data  Evaluation /Risk  Assessment  Subgroup 
of  the  Clearinghouse  on  Environmental  Carcinogens 


December  13,  1978 


The  Clearinghouse  on  Environmental  Carcinogens  was  established 
in  May,  1976,  in  compliance  with  DHEW  Committee  Regulations  and  the 
Provisions  of  the  Federal  Advisory  Committee  Act.  The  purpose  of 
the  Clearinghouse  is  to  advise  the  Director  of  the  National  Cancer 
Institute  on  the  Institute’s  bioassay  program  to  identify  and  evaluate 
chemical  carcinogens  in  the  environment  to  which  humans  may  be  exposed. 
The  members  of  the  Clearinghouse  have  been  drawn  from  academia,  industry, 
organized  labor,  public  interest  groups,  and  State  health  officials. 
Members  have  been  selected  on  the  basis  of  their  experience  in  carcino- 
genesis or  related  fields  and,  collectively,  provide  expertise  in 
chemistry,  biochemistry,  biostatistics,  toxicology,  pathology,  and 
epidemiology.  Representatives  of  various  Governmental  agencies  parti- 
cipate as  ad  hoc  members.  The  Data  Evaluation/Risk  Assessment  Subgroup 
of  the  Clearinghouse  is  charged  with  the  responsibility  of  providing 
a peer  review  of  reports  prepared  on  NCI-sponsored  bioassays  of  chemicals 
studied  for  carcinogenicity.  It  is  in  this  context  that  the  below  cri- 
tique is  given  on  the  bioassay  of  Phthalic  Anhydride. 

The  reviewer  for  the  report  on  the  bioassay  of  Phthalic  Anhydride 
agreed  with  the  conclusion  that  the  compound  was  not  carcinogenic  under 
the  conditions  of  test.  After  a brief  description  of  the  experimental 
design,  he  said  that  both  the  dose  levels  tested  and  the  animal  survival 
were  adequate.  There  was  no  objection  to  the  reviewer’s  motion  that 
the  report  on  the  bioassay  of  Phthalic  Anhydride  be  accepted  as  written. 

Clearinghouse  Members  Present: 

Arnold  L.  Brown  (Chairman) , University  of  Wisconsin  Medical  School 

Joseph  Highland,  Environmental  Defense  Fund 

William  Lij insky,  Frederick  Cancer  Research  Center 

Henry  Pitot,  University  of  Wisconsin  Medical  Center 

Verne  A.  Ray,  Pfizer  Medical  Research  Laboratory 

Verald  K.  Rowe,  Dow  Chemical  USA 

Michael  Shimkin,  University  of  California  at  San  Diego 
Louise  Strong,  University  of  Texas  Health  Sciences  Center 
Kenneth  Wilcox,  Michigan  State  Health  Department 


Subsequent  to  this  review,  changes  may  have  been  made  in  the 
bioassay  report  either  as  a result  of  the  review  or  other  reasons. 
Thus,  certain  comments  and  criticisms  reflected  in  the  review  may 
no  longer  be  appropriate. 
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